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PREFACE 


The thesis entitled: "Thermal, Photochemical and 
Electron- Imp act Transformations of 1 ,2-Dibenzoylalkenes and 
Related Studies", is divided into four chapters. 

Chapter I deals with the preparation of several c is- 

1 , 2-dibenzoylalkenes through the Diels-Alder reaction of 

different dienes with dibenzoylacetylene. Some of these 

1 ,2-dibenzoylalke nes include, 2 ,3-dibenzoylbicyclo[ 2 .2 . 1] - 

hept a-2 , S-diene ( 1_) , 2 , 3-dibenzoylbicyclo[ 2 .2 . 2]QCta-2 , 5- 

diene (^) , 7-oxa-2 , 3-dibe nzoylbicyclo[2 . 2 . 1 ] hep t a-2 , 5-d iene 

(3.)» 1 , 4-dip henyl-2 , 3-d ibe nzoyl-1 , 4-Bpoxy nap ht hale ne (^) 

and 9 , 1 0-di hydro- 1 1 , 1 2-d ib e nzoyl-9 , 1 0-B t heno ant hracene ( 5_) . 

The structures of all these adducts have been established 

through analytical data and spectral evidences. The reaction 

of cyclohept atriene with dibenzoylacetylene has been examined 

in detail and was shown to give a mixture of products consis- 

2 4 

ting of 6 , 7-d ib enzoyltric yclo[ 3 ,2 . 2. 0 ' ] nona-6 , 8-diene (j6) 
and 3 , 4-dib enzoylbicycl o[ 3 . 2 . 2] nona-2 , 6 , 8-tr iene (J) . A 
reasonable mechanism for the formation of these products has 
also been suggested. Thermolysis studies of the dibenzoyl- 
alkenes, X-5^, have shown that they decompose through a 
retro-Diels-Ald'er mode of fragmentation, giving rise to 
either the diene or the dienophile, in each case. In none 
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of these cases, the expected pericyclic reaction, analogous 
to the transformation of c is-1 , 2 -d ibe nzoyls t ilbe n e to the 
isomeric 2 , 2 , 3 , 4-t etr ap he nyl-but-3 -e nol ide, has been observed, 
under thermal conditions. The electron- imp act induced trans- 
formations of some of these c is- 1 , 2-diben zoy lal kenes , 

on the other hand, show that both the retro-Diels- Alder type 
of fragmentation and pericyclic reaction pathways are fol- 
lowed in these systems. 

Chapter II of the thesis deals with the photochemical 
transformations of some of the cis-1 , 2-dibBnzoylalkBnes that 
we have prepared earlier. Photolysis of 2,3-dibenzoyl- 
bicyclo[2.2 . 1 ] hepta-2, 5-diene (1,), for example, gave a 90% 
yield of 2 ,3-dibenzoylquadricyclo[2.2 . 1 . 0 ' .0 '^jheptane 

(^) , through an intramolecular cycloaddition process. The 
photolysis of 2 , 3-dibe nzoylta ic yclo[2 . 2 . 2 ]oc t a-2 , 5-die ne { 2 ), 
on the other hand, gave a mixture of products consisting of 
6-( 1 -p he noxy-1 -p henylmet hyl'e ne ) bic yclo [2 . 2 , 2 ]oc t-2-ene-5- 
exo-c arboxylic acid (£) , 6-(1-phenoxy-1-phBnylmethylene)- 
b icyclo [ 2 , 2 . 2 joe t-2 -ene- 5-cndo-c arboxyl ic acid (J^) and a 
lactone, 1_L, isomeric with the starting material, In the 

photolysis of 6 , 7-d ibo nzoyltr ic yclo [3 .2 . 2 . ^ ]nona-6 , 8-diene 
( 6.) t the only product formed was an isomeric lactone, 12. 
analogous to the formation of JJ. in the photolysis of 
The photochemical transformation of 7-oxa-2,3-dibenzoyl- 
b icyclo[2 . 2 . 1 j hepta-2 , 5-dieno (2) gave a mixture of products, 
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consisting of 1 , 5-dibenzoyl-5-formyl-1 , 3-cyclopent adiene 
(13) and d ibe nzoylac etylene . In the photolysis of 9,10-di- 
hydro-1 1 , 1 2-dibenzoyl-9 , 1 O-ethenoanthracene (^) , the only 

2 8 

product obtained was 1 , 2-d ib enzoyldiben zo t r ic yclo [3 . 3 . 0 . 0 ’ J- 
octadiene (J_4) , formed through a d i-n-me t h ane rearrangement. 
Reasonable mechanisms have been suggested for the formation 
of the different products in these photochemical reactions. 

Chapter III of the thesis describes the preparation of 
several 1 , 2~dibenzQylalkene s and related products, formed 
through the reaction of different nitrogen-containing 
nucleophiles with d ibenzoylac etylene . In the reaction of 
aniline, piperidine, N-phenylbenzylamine and £-aminophenol 
with dibenzoylacetylene , for example, the corresponding 
1:1-adducts, namely, 1 , 4-d ip henyl-2- ( N-p he nylam ino ) bu t- 
2 -e ne- 1 , 4-d io ne (J_5) , 1 , 4-d ip henyl-2-p iper id inobut-2- ene- 
1,4-dione (X6) , 1 , 4-dip he nyl-2- ( M-p henylb en'zyl amino ) but - 
2-ene-1 , 4-dione (J_7) and 2- ( N-2-hydroxyphenylamino ) -1 , 4-di- 
phenylbut-2-ene-1 ,4-diane (J_8.) , were formed. The uv- 
absorption data revealed that the adducts J_5 and J_8, were 
the E-isomers, arising through a trans-mode of addition, 
whereas and r7 were the Z-isomers, formed through a 
cis-mode of addition. 

The reaction of N-p he nacylan il ine with dibenzoyl- 
acetylene gave 2 ,3-dibBnzoyl-1 ,4-dip henylpyrrole ( 1 9 ) , 
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whereas, in the case of o_-p he nyle ne diamine , 2-(2-hydroxy- 
2-phenyletheno) -3-phenylquinoxal ine (^) was f ormed. 
Bromination of resulted in the formation of 2-bromo- 
p he nacyl-3- p henylquinox al ine , whereas nickel peroxide 

oxidation of 2^ gave the oxidative dimer, 1,4-diphenyl- 
2,3-bis(3-phenylquinox-2-yl)butane-1,4-dione ( ^) . 

The reaction of 1 , 8-diaminonap hth alene with dibenzoyl- 
acetylene gave a mixture of products consisting of 2-benzoyl- 
2-phenacyl-2 , 3-dihydroper imid ine (2_3) and 2-be nzoylper imidine 
(^) , whereas in the case of 2-aminopyridine, two 1:1- 
adducts, namely, 2-( 2- imino-1 ( 2H) pyridyl) 1 , 4-dip he nylbut- 
2-ene-1 , 4-dionB (^) arid 1 , 4-dip henyl-2- ( N-2-pyridylamino) - 
but-2-ene-1 ,4-diQne {2jS) were formed. 

Electron-impact induced transformations of the adducts, 
1 5 . 1 6 . 1 7 . 1 8 . 1 9 and 2 ^ revealed that the Z-isomers under- 
go a different mode of fragmentation, as compared to the 
E-isomers. 

In Chapter IV, the thermal and photochemical trans- 
formations of t strap henyl-£-dioxin (^) and tetraphenyl- 
£-dithiin (2_B) are discussed. It has been shown that the 
thermal rearrangement of tetraphenyl-£-dioxin to 2, 2,3,4- 
tetr aphenylbut-3-enQlide proceeds through the intermediacy 
of c is-dibenzoylstilbene. The photolysis of gave a 

mixture of products consisting mainly of benzil and small 
amounts of tolan and tr ans-dibenzoylstilbene. Thermolysis 
and photolysis of 2_El, on the other hand, gave tetraphenyl- 
thio phene, in each case, 

X i 



CHAPTER I 


THEHr-iAL AMD' ELECTRON-IMPACT INDUCED 
TR ANSFOR.MAT IQNS OF c is-1 ,2-D IBENZOYLALKENES 


1.1 ABSTRACT . ■ 

Several c is -1 , 2 -d ibe nzoyl al ke ne derivatives have been 
prepared in yields ranging between 60-80%, through the Diels- 
Alder addition of the appropriate dienes to d ibenzoyl acetylene 
These include, 2 , 3-d ibenzoylb ic ycl o [ 2 .2.1 ]hepta-2 , 5-diene 
(J_4) , 2 , 3-d ibe n zoylb ic ycl o[ 2 . 2 , 2 ]oc t a-2 , S-d iene ( j^5) , 
7-oxa~2,3-dibenzoylbicyclo[2.2 .1 Jhep t a-2 , 5-d iene (,16) » 

1 , 4-dip henyl-2 , 3 -d ibenzo yl-l , 4 -b poxynap hthale ne and 

9 , 1 0-d ihydro-1 1 ,, 1 2-d iben zayl-9 , 1 0-etheno anthracene (^) , 
formed from cyclopentadieno, cyclohexa-l , S-diene , furan, 

1 ,3-diphenylisobBnzof uran and anthracene, respectively. 
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The reaction of cycl oheptatr iene with d ibenzoyl ac e tyle ne on 
the other hand, gave a mixture of products consisting of 
6 , T-d ibe nzoyltricyclo [ 3 . 2 . 2 . Jnon a-6 , 8-d iene (2_2) and 

3 . 4- d iben zoylb ic ycl o[ 3 . 2 . 2 ]non a-2 , 6 , 8- tr iene (2_3) . 

Thermolysis of .2 ,3-dibBnzoylbiGyclo[2. 2. 1 ]hepta-2 ,5- 
diene gave chiefly cyclopontadie-ne , arising through a retro- 
Diels-Alder mode of fragmentation. Similar retro-Diels- 
Alder fragmentations havo been observed in the case of 7-oxa- 
2 , 3-d ibenzqylb ic yclo [2 , 2 . t j hefil a-2 , 5-d iene and 9 , 1 0-d ihydro- 
1 1 , 1 2-dibcnzoyl-9 , 1 O-ethenoanthracene. The thermolysis of 
1 , 4-dip henyl-2 , 3-d ib enzoyl-1, ,.4-epoxynap ht hal ene , however , 
gave a mixture of 1 ,3-dip hen.ylisobenzof uran and 1 ',2 -d ibonzoyl- 
benzene. The formation of 1 ,2-dibenzoylbenzene in this case 
has been shown to be throug-h the air-oxidation of 1,3-diphenyl 
isobenzofuran . Thermolysis of 2 , 3- d ibe nzoy lb ic ycl o [2 . 2 . 2j oc t a 

2.5- diene, on the other hand, gave a nearly ' quantitative yield 
of 1 ,2-dibe nzoylbenzene , which did not undergo further trans- 
formation even on heating around 260° for several hours. In 
none of these cases, the expected pericyclic transformation, 
analogous to the conversion of cis-1 ,2-dibBnzoylstilbene (_6) 
to the isomeric 2 , 2 , 3 , 4-totrap henylb ut-3-enol ide (2.) > has 
been observed under thermal conditions. Treatment of 

9 , 1 0~d ihydra~1 1 , I 2-d ibenzoyl -9 ,10-ethenoanthracDne ( 20 ) 
with phosphorous p entasulp hide resulted in the formation 
of a mixture of 1 2 , 1 4-.diphenyl-9 , 1 0 ( 3 4 ') fur ano anthracene 
(,£4) and 1 2 , 1 4-dip henyl-9 , 1 0( 3 ' , 4 ' ) thiop he no anthracene ( 47) , 
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arising through the postulated intermediates, 9,'10-dihydro- 
1 1 -b enzoyl-1 2- 1 hiob e nzoyl-9 , 1 0-et hen o ant hr ac ene (\£2) and 
9 ,1 O-dihydro-l 1 ,12-dithio benzoyl-9,1 0-ethenoant hracene (.fL5) > 
respectively. 

The elec tron- ii'up ac t ind uc e d ' tr ansf ormat io ns of t he 
c is- 1 , 2- d ibenzoy 1 al kenes , .6, J_4, X5, XAr !_§>■ 22 , on 

the other hand, can , be rationalized in terms of both retro- 
Diels -Alder type fragmentations and pericyclic transforma- 
tions of the dibenzoylalkune components. 

1.2 INTRODUCTION 

Recent studies have shown that hetcr otr ienos , in general, 

can undergo pericyclic transformations leading to the forma- 

1 

tion of f ive-memb ered heterocycles . Thus, it hc^s been 

observed that the thermolysis of a heterotriene like 

1 , 2-bisp he nyl azo st ilb one (j_) leads to the formation of 

2 , 4 , 5-tr iphu nyl-1 , 2 , 3 -triazolo {3_) as the major product 

2 3 

(Scheme I.l), ’ The formation of the triazolo ,3 in this 

reaction has been rationalized in terms of the initial peri- 
cyclic reaction of i leading to the formation of the iraino- 
triazolium intermediato which can subsequently lose 
phe nyl nitrone to give 3_. The cyclization of X ‘l-o give the 

intormodiato 2 is analogous to the pentadienyl anion cycli- 

4 5 

zations and will be a symmetry allowed process. An 

alternative mode of cyclization of X would involve a symmetry 
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4 2 

allowed [ti; a + 71 : a] type of addition leading to the bicyclic 
intermc3diate _4, which can subsequently give rise to the 
triazole through the loss of p henyl nitrene . An example 
of such a [■Tt'^a + Tc^a] addition has been recently reported 
in the transformation of 1 , 2 , 4-bcnzoxadiazinBS to benzoxa- 
6 

zoles. The intermediacy of an iminotriazolium species 
like 2 in the transformation of 1_ to 3_ has been proved by 
trapping experiments, leading to the -formation of 
1,3-dipolar cycloadducts like 

Numerous oxamplos of roactions are reported in the 
literature which can be classified under the pericyclic 
transformation of hetcrotricncs , analogous to the trans- 
formation of _1_ shown in Scheme 1.1. However, a careful 
survey of the literature has revealed that there aru only 
very few reported examples of such pericyclic transforma- 
tions of heterotr ienes having oxygen as hetero atom. The 
best known example of such a reaction, however, is the 
reported transformation of cis-1 ,2~dibenzoylstiibBne (_6) 

to give 2 , 2 , 3 , 4-te tr ap heriylbut-3 -enol id e (5.) » observed by 
■7 , 

Zinin in 1 072. The transformation of 6 to the lactone 
may be rationalized in tnrrns of the intermediate 7, formed 
through a [n a •+. ti: a] typo of addition or the zwitterionic 
intermediate _0, which can subsequently rearrange to 2. 

(Scheme 1,2). The bicyclic intermediate J c an al so directly 

rearrange to the lar.tono £ through a dyotropic transforms- 

' ' ' 0 ' ' ' ' 

tion. A similar transformation has b^pen observed in the 
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thermal conversion of 1 , 2 , 4-trip henylbut-Z-ene-l , 4-dione 
( 32 ) to 2 , 2 , 4 - 1 r ip he nylbut-3 -enol id e (see, Scheme 1.11). 

Yet another example of a similar pericyclic reaction 

involves the thermal rearrangement of symmetrical phthaloic 

b is ( t etr amet hyle ned it hioc arb amic ) an hydr ide (JJS.) 'to the 

10 

unsyrnmetric al isomer 1J3_, in refluxing benzene, " The forma- 
tion of the u nsymmet r ic al isomer 1^ can be rationalized in 
terms of the pericyclic reaction of 1_0 to give tlie zwitter- 
ionic intermediate j^_1_, which can undergo transformation to 
the b icyclo[ 3 .3 . 1 j hept eno intermed iate _1_2, Subsequent 
rearrangement of _1_2 leads to the formation of 1.3, as shown 
in Scheme 1.3. 

The object of the present investigation has been to 
examine the possible pericyclic transformations of certain 
selected examples of c is-1 ,2-dibenzoyl alkene derivatives, 
under both thermal and electron-impact conditions. 

1.3 RESULTS AND DISCUS SION 

1*3.1 Synthe s is of c i s -1 . 2-D ib e nzoyl alkenes 

A convenient method of preparing cis-1 ,2-dibenzoyl- 

alkunes would be through the Diels-Alder addition of 

11 

suitable dienes to dibenzoylacetylene. In our present 
studies, we have examined the reactions of a few dienes 
and trienes like cyclopontadiene , cyclohexa-l , 3-diene , 
f ur an, 1 , 3~dip henylisolienzof uran, anthracene and cyclo- 
heptatrinne with dibenzoylacetylene, with a view to preparing 
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Scheme 1.3 



Scheme 1.4 
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some c is-l , 2-d ibe nzoyl al kene derivatives. 

12-14 

Earlier workers have reported the reaction of 

c yclopen tad iene with dibenzoyl acetylene to give 2,3-dibenzoyl~ 

b ic yc lo[ 2 . 2 . 1] hept a-2 , 5-d iene (J_4) . In the present studies 

we have observed that J|_4 is formed in a nearly quantitative 

yield when d ibenzoylacetylone is treated with excess of 

cyclopentadiene at room temperature. The nmr spectrum of 

1 4 (Fig. 1.1) is of interest in that it showed two pairs 

of doublets ( AB type of quartet), around 2.326 and 2.656, 

assigned to H and H|^ protons, respectively ( J q q = 8 cps) . 

a ^ b 

The doublet around 2.326 due to H proton was further split 

9 

into a triple t, w here as , the one around 2.656 due to proton 

vj as split into a muLtiplet. Such a splitting pattern would be 

expected in view of the fact that the H proton will be 

0 . 

split only by the protons' to give the observed triplets 
(J !__! =1.5 cps), whereas, the H, proton will be split 

both by H and H, protons, respectively. Similar splitting 

c cl 

patterns have been observed in the nmr spectra of certain 

15 

b icycl ohepte ne derivatives. The two bridgehead protons 
(Hj_) appeared as a multiplet . around 4.276 whereas, the second 
multiplet around 7.276 has been assigned to the vinylic 
protons (Hq). The aromatic protgns appeared as a complex 
multiplet around 7..56 (10 H) . 

Treatment of a mixture of cyclohexa-l ,3-diene and 
dibanzoylacetylene in rufluxing benzene for 8 hr gave a 90% 
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spectrum (60MHz) of 2,3-dibenzoylbicyclo[2.2.l]hepta-2,5-diene (14) 




yield of 2 , 3 -d iben zoy lb ic yclo [2 . 2 . 2] oc t a-2 , 5 -d iene ( J_5 ) . 

The structure of 1 5 was confirmed on the basis of analytical 
data and spectral evidences. The nmr spectrum of 1 .5 (Fig. 
1.2) showed an AB type of quartet and the signals at 1,. 65 6 
and 1 .766 have been assigned to and protons, respec- 
tively (Jm u = 9.5 cps). The multiplet around 4.326 has 
been assigned to the bridgehead protons (H ), whereas the 
vinylic protons (H^) appeared as a multiplet centered around 
6.756. The aromatic protons appeared as a multiplet around 
7.45 6 ( 1 0 H) . 

Neat heating of a mixture of dibenzoyl acetylene with 
excess of furan gave a 77^i) yield of 7-oxa-2,3-dibenzoyl- 
b ic yclo [2 . 2. 1] hept a-2 , B-diene identified through 

analytical data and sprictral evidences. The nmr spectrum 
(Fig. 1.3) of j__6 showed the bridgehead protons around 
6.036 (2H), whereas the vinylic and aromatic protons 
appearod as a multiplet centered around 7.56 (12 H). 

The re action of 1 ,3-diphBnyl isobenzof uran (.1_7) with 
DBA in refluxing benzene gave a 71% yield of 1,4-diphenyl- 
2, 3-dibenzoyl-1 ,4-epoxynaphthalene (18,). In addition, a 
6% yield of 9 , 1 0-d ip he nyl ant hr ac eno (J_9) was also isolated 
from this reaction. The exact mode of formation of 1 9 in 
this reaction is not very clear. However, a tentative 
mechanism for the formation of is shown in Scheme 1.4, 
which e'ssentially involves the reaction of 1 , 3~diphenyliso- 
benzofuran with benzene. It might be mentioned in this 
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connection that the formation of the carbene intermediate 

Ji__7a, has been postulated in the electron-impact fragments- 

1 6 

t io n of 1_7^. Further support for the pathway shown in 

Scheme 1.4 has been derived from the fact that when 17 
alone was refluxed in benzene for 24 hr, 9 , 1 0~dip henyl- 
anthracene (U.) was formed in small amounts (1%), together 
with 1 ,2-dibenzoylbenzBne. 

17 

It has been reported earlier that the reaction of 
anthracene with DBA gives, rise to 9 , 1 0-d ihydro~-1 1 , 1 2-d ibenzoyl 
9 , 1 0 -atheno an thrac ene (2_D) . We have obtained ^0, in a 607o 
yield by the neat heating of anthracene with DBA around 200° 
for 30 minutes. Scheme 1.5 summarises the results of our 
studies concerning the preparation of different cis-1,2- 
d ibenzoylalkenes . The structures of these products have 
been established on the basis of analytical results and 
spectral data. 

The reaction of c ycloheptatr ie ne ( 2 ^) with DBA deserves 
special mention. ' Treatment of a mixture of cycloheptatriene 
with DBA in refluxing toluene for 20 hr gave a 1 B'i'o yield of 
6 , 7-d ibenzoyl tr ic yc 1d[ 3 .2 .2 . L)^ ' j non a-6 , 8-d ie ne (^2) and 2 % 
of a product, identified as 3 , 4-dibenzoylb ic yclo [3 , 2 . 2 ] nona- 
2 , 6, B-triene (.23^) (Scheme 1.6), The structure of 2 ^ was 
confirmed on the basis of analytical results and spectral 
data. The nmr spectrum of 1 . 4 ), for ex ample , 

showed several multiplets at 0.726 (1H), 0.886 (1H), 1.686 
(2H), 4.306 ( 2H), 6.276 (2H) and 7.226 ( 1 0H) . ■ Of these , 



Scheme 1.5 



: 20 (60%) 
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Scheme 1-6 



Dimer I 


24 (1.5%) 



the multiplet at 0.726 has been assigned to the more shielded 
proton of the cyclopropane ring. Such shielding effects 
of the proton endo with respect to the double bond of 2 ^ 
has been observed in analogous adducts of cyclohept atriene 
with different d ienop hiles , The signals at 0.886 and 

1 . 686 have been assigned to the and protons, respec- 
tively, of the cyclopropane ring. The signals at 4.306 
and 6,276 have been assigned to the bridgehead and olefinic 
protons, respectively, whereas the complex multiplet around 
7.226 has been attributed to the aromatic protons. 

The structure of 2^, likewise, has been arrived at, 

on the basis of spectral evidences and analytical data. 

The ir spectrum of showed the presence of two carbonyl 

absorptions at 1680 and 1660 cm , respectively. It has 

been observed that in most of the c is-l,2-d ibenzoyl alkenes 

that we have examined (Table 1.1), the a,^-unsaturated 

-1 

carbonyl absorptions occur around 1 635-1 660 cm . On the 

basis of analogy, therefore, the band at 1660 cm has been 

assigned to the a , )3-u ns atur at e d carbonyl group in 22 , VJhereas 

-1 

the absorption band at 1680 cm could be assigned to the 

3 

carbonyl group , att ac hed to the sp carbon atom. 

Further confirmation of the structure of ^3. was derived 
from its uv spectrum. The uv spectrum of ^ showed an absor- 
ption maximum at 250 nm, whereas, the dibenzoylalkenes, 

XI ^ Xi» 1 8. 2 0 and 1 , 2, -dibenzoylethylene showed charac- 

teristic absorption maxima between 255 and 262 nm. The 
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Table 1.1, UV and If'< Absorption Characteristics of Some 1,2~Diben- 
zoylalkenes ' 


Compound 


UV absorptions 

.Eton > 

A nm (e ) 

max ■ ■ ‘ 


Ir absorptions 

Vp p _1 V 

C =0 , c m u =c , c m 


1 ) 

2 ) 

3 ) 


4) 


5) 


6 ) 

7) 

8 ) 


cis-1 , 2-D ib enzoylethylene 

260 

( 1 8, ,100) 

1650 

1 600,1 5 80 

2 j 3 -D ibo nzoylbicyclo- 

[2.2 . lJhepta-2, 5-diene' ( 1_4 ) ' 

253 

(16,200) 

1635 

1 602,1575 

2,32Dibenzoylbicyclo- 
[ 2 . 2 . 2j oc t a--2 , 5-diene (15) 

256 

(15,100) 

1 64 0 ' 

1 605,1 580 

7-O x a-2 , 3 -dib e nzoylbicyclo- 
[ 2 . 2 . 1 J hept a-2 , 5-die ne (16) 

256 

( 1 3,000) 

1 645 

1 600 Vi' 560 

1 ,4-Diphenyl-2,3-dibenzoyl- 
1 , 4~ep oxy nap hthale ne ( 1 S ) 

250 

(14,000) 

165 7 

1 601 ,1 581 

9 , 1 0-D ihydr 0-1 1 , 1 2-diben- 
zoyl-9 , 1 0-etheno anthracene 

(M) 

2 62 

( 15,000) 

1670 

1 620,1 59 0 

6 , 7-D ibenzoyltr ic yclo- 
[ 3 , 2 . 2 . 0“^ » ‘^j non a- 6 , 8-die ne 
(12) 

255 

(13,500) 

1 645 

1 595,1 580 

3 , 4-D iben zoylbicyclo- 
[3.2.2] nona-2,6,8-trisne 
(23) 

250 

( 20,000) 

1 660 and 

1 680 

1 600 ,1 585 
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absorption maximum in 1 , 2-d ibenzoylethane, however, was 

21 

observed around 244 nm. 

The nmr spectrum of 23 {Fig. 1.5) showed a complex 
multiplet around 3.636 (2H), which may be assigned to the 
bridgehead protons and H|^. The multiplet at 4.086 ( 1 H) 
may be assigned to the methine proton, , attached to the 
carbon atom bearing the benzoyl group. The vinylic proton, 
appeared as a separate multiplet around 6.D6, whereas 
and Hg olefinic protons appeared as a complex multi- 
plet around 6.666. The vinylic proton, appeared as a 

doublet, each one being further split into two separate 
doublets (J u = 8.5 cps and J =2 cps). 

Further confirmation of the structure of‘ 2^ was 
derived from its mass spectrum. The mass spectrum of ^ 

(Fig. 1.6) showed a low intensity molecular ion peak at 
ni/e 326 ( 1 1%). The most prominent peak in the mass spectrum 
was observed at m/e 221 and this peak could be assigned to 
the fragment 23 c . formed by t.he loss of a benzoyl group from 
Other peaks were observed at m/e 249 ( 10 ) , 235 ( 3) , 

208 (3 ), 204 ( 4) , 1 95 (4) , 1 90 ( 2) , 1 60 (2), 1 70 ( 2), 1 64( 2), 
1 57 (12), 144 (24), 130 (8), 126 ( 4), 1 1 6 ( 1 2), 1 1 4 ( 8), 

1 05 (83), 92’ ( 19 ) , 91 (33) , 77 (42) , 65(1 0) and 51 (24) ., 

Some of the fragmentation modes ate shown in Schome 1.7. 
Elimination of a phenyl group from 2^, for example, will 
lead to the formation of 23 b at m/e 249. Further loss of a 






Mass spectrum of 3 ,4-cl{ben2 
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benzoyl group from ^3,b , will result in the fragment 23d . 
at m/e 144. A similar loss of one benzoyl group from 23 c 
results in the formatio.n of 2^e at m/e 1 1 6 , A retro- 
addition mode of fragmentation has been observed due to 
the presence of the fragment ^^i at m/e 235. The peak at 
m/e 92 can be assigned to the fragment 2 3 f , formed through 
the fragmentation of proceeding with hydrogen-transfer. 

Other peaks in the mass spectrum of 2_3, can likewise be 
assigned to some of the fragments shown in Scheme 1.7. 

The formation of the adducts 2^ and 2_3_ in the reaction 

of cyclohapt atriene with DBA has been rationalized in terms 

of the pathway shown in Scheme I.B. In this scheme we 

assume that the adduct _^2 is formed through the Diels-Alder 

reaction of the valence isomer 2^, of c yclo hept atr iene ( 20 ) . 

Similar addition reactions have been observed in the reaction 

18 2 2 

of cyclohept atriene with dimethyl ac et yl en ed ic arboxyl ate ’ 

2 0 

and te tracy anoethylene . The formation of the adduct 23 . 

on the other hand, can be rationalized in terms of an initial 

' ene-reactio n' between cycloheptatriene and DBA to give the 

2 2 2 

intermediate _22, which essentially involves a [ -ji; s+ cr s+tu s] 

type of addition reaction. Substituted cyclo hept atr ienes 

like bearing 'tc - acc eptor ' substituents are known to 

undergo f ac ile v ale nee isomerizat ion and exist pre dominantly 
. . 23 

in the norcaradiene form 2_8. The norcaradiene intermediate 
can subsequently undergo a thermally allowed, [3,3] sigma- 
tropic shift to give the adduct ^ (Scheme 1. 8) , T he f o^cwiatio n 



Scheme 1.7 


23 


• o 





Scheme 1 7 (Contd) 



m/e 51 (2 4) 




Scheme 1.8 
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of a similar adduct has been ob serve^.d e arller in the reac- 
tion of c ycl o hep t atriene with dimethyl acetylened ic arboxy- 
22 

late. 

Vi/hen a mixture of DBA and excess of cycl ohept atr iene 

( 20 ) was heated around 95-100° for 16 hr, in the absence of 

any solvent, a 2 8% yield of 2^ and 0,3% yield of_^ were 

obtained. In addition, small yields of two dimeric 

products of DBA, tentatively identified as ,2_4 (1.5%) and 

2 5 (0.6%) were also isolated from this reaction. Dimer I, 

identified as 2^, melted at 206° and analysed for ^32^2o'^4' 

-1 

The ir spectrum of 2^ showed an OH band at 3455 cm and 

-1 

carbonyl absorptions at 1 670, 1 655 and 1 630 cm , respec- 
tively. The nmr spectrum of 2A showed a singlet at 4.166 
(1H) assigned to the OH proton and multiplets around 7.466 
(15H) and 8.2 66 ( 4H), assigned to the aromatic protons. 

Further confirmation of the structure of 24, was derived 
from its mass spectrum. The mass spectrum of showed a 
peak at m/e 468, assigned to the molecular ion peak. 

The formation of the dimer 2_4 may be rationalized 
in terms of the diradical intermediate, formed through 

a [2+2 ] addit ion of DBA as shown in Scheme 1.9, The inter- 
mediate ^ can subsequently cyclize to give yet another 
diradical intermediate ^ and further rearrangement of 30 . 
involving hydrogen miyration» will lead to the enol 24 . 

Quite recently, Tsutsui et al.^^ have reported the formation 
of a dimer of DBA, on he ating it in decalin or chlorobenzene 
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around 1 50-200° and have assigned the structure 2_4 for 
this product. 

The dimer II (^5); mp 181°, analysed for ^32^20^4* 

The mass spectrum of showed a molecular ion peak at 
m/e 468 and was found to be quite similar to 2__4, as' far 
as the fragmentation modes are concerned. The exact 
structure of this dimer has not yet been established. 

1-3.2 Thermal Tran sf ormations of c is-1 .2 ~D ib enzovl al ke ne s 

It has been reported earlier"^ that on thermolysis, 

a diketoalkene like c is-- 1 , 2-dibBnzoylstilbBne (^) is 

quantitatively converted to the lactone 9_ at a temperature 

around 250° (Scheme 1,2). At higher temperatures, the 

lactone 9. itself undergoes d ec arbonylat io n to give 

1 , 2 , 3 , 3 -te tr ap he nyl pr op-2 -e ne-1 -one (^) , perhaps through 

5 25 

a symmetry allowed, linear cheletropic reaction ’ 

(Scheme 1.10). It is interesting to note that the thermal 
transformation of a related 1 ,2-d ibenzoyl al kene like 
1 , 2 , 4-trip he nylb ut-2-e ne-l , 4-d ione (^.) leads to the 
formation of 2 , 2 , 4-tr ip henylbut-3 -enolide (3j4) and not 
the isomeric 2 , 3 , 4-tr ip hsnylbut-S -enol ide (3J,).^ The 
structure of 3_4 was further confirmed through its conver- 
sion to the enone on pyrolysis (Scheme 1.11). The 

preferential formation of the lactone ^ in the transforma- 
tion of ^ may be rationalized in terms of the greater 
stability of the zwitterionic intermediate _33^, when compared 
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to the corr espond ing intermediate 3jS,. in the alternative 
route which will lead to the lactone 3_7 (Scheme 1.11). 

In the present studies we have examined the thermo- 
lysis of several t , 2-d ib e nzo yl al ke nes like _1_4, 1_6, 

and 20^ with a view to finding out whether these substrates 
will undergo the pericyclic reactions leading to the forma- 
tion of the corresponding lactones. Table 1.2 summarizes 
the results of our studies. The thermolysis of cis-1,2-di- 
b e nzoyl s t ilb e ne (_6) itself was repeated in refluxing nitro- 
benzene (2.14°). It was observed that a nearly quantitative 
yield of the lactone £ is formed on heating _S, for about 
16 hr. The thermolysis of 2 , 3 -dibenzoylb ic yclo[ 2 . 2 . l] hept a- 
2,5-diene (J_^) around 1 60°, on the other hand, resulted in 
the formation of a 30% yield of c yclopentad iene , arising 
through a retro-Diels-Alder reaction. When the thermolysis 
of _1_4 Was carried out around 200° in air, a small yield of 
benzoic acid was also obtained. The formation of benzoic 

acid may be through the air-oxidation of 1_4, or some of 

12 

its degradation products. Similar retro-Diels-Alder 
reactions have been observed in the thermolysis of 7-oxa- 
2 , 3-dibenzoylbic yclo[ 2. 2. 1 ] hept a-2 , S-diene {J.6J and 
9 , 1 0-dihydr 0-1 1 , 1 2-dibenzoyl-9 , 1 O-Bthenoanthr acene (,20 ) . 

The thermolysisof1,4-diphehyl-2,3-dibenzoyl- 
1 , 4-epoxynaphthale ne (J_8), by refluxing in diphenyl ether 
gave a mixture of products consisting of 1,3-diphenyliso- 
benzofuran (J_7) ( 2°/i) ) and,, 1 , 2- d ibenzQ'ylbenzepe (3,£) (42%) . 



Table 1.2. Thermal Transformation Products of c is-1 , 2-Dibenzoyl alkenes 
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T l^e formation of 3_9. in this reaction is assumed to be 

26 2 7 

through the air-oxidation of 1 , 3- d ip henyl isoben zo f ur an . ’ 

In a separate experiment we have shown that by refluxing 
1 , 3 -d ip henyl is ob enzo f ur an alone in diphenyl ether for 18 hr, 
a 73% yield of ^9. formed. 

The thermolysis of 2 , 3- d ibenzoylb ic yclo[ 2 . 2 . 2] oc t a- 

2, 5-diene (J_^) is of interest in that, it gives rise to a 

nearly quantitative yield of 1 , 2-d ibenzoylben ze ne (39) . 

It is apparent that the loss of ethylene through a symmetry 
2 2 2 ' 

allowed ^0 s +71 s + O’ s] process is more favoured than a 
simple retro-Diel s-Alder fragmentation leading to the 
formation of 1 , 3 -c ycl ohexadiene (Scheme 1.12). 

Our studies involving the thermal transformations 
of c is- 1 , 2-d ibe n zoyl al kc ne s like 1_4^, _1_6, _1__8 and clearly 
indicate that in these cases the re tr o-D iel s- Aid er mode of 
fragmentation is preferred over the pericyclic transforma- 
tion. Thus, in the thermal decomposition of 2 ^, it appears 
that the energetically favourable pathway is the formation 
of anthracene and not path ’a’ leading to the formation of 
the lactone 4CI (Scheme 1,13). However, it is not very clear 
whether the retro-Diels-Aldur reaction leading to the 

formation of anthracene is proceeding through a symmetry 
2 2 2 

allowed, [cr s + -k: s + 0 s ] mode (path 'b') or through a 
multistep pathway, involving the diradical intermediate 
41 ( p at h ' c V) . 
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We reasoned that the pericyclic transformation of a 
heterotriene like 2 ^, proceeding through path ’ a' » niay be 
more favoured if the hetero atoms are changed from oxygen 
to sulphur, as in the case of 9,lD-dihydro-11,12-diben2oyl- 
9', 1 O-ethonoanthracene (_45) . With this view in mind, we have 
examined the reaction of 2p_ with phosphorous pentasulphide . 
Treatment of 20. with phosphorous pentasulphide in refluxing 
xylene for 1 hr gave a mixture of 12,14-diphBnyl-9,10(3',4')- 
fur ano anthracene (4.4) and 12,14-diphBnyl-9,10(3',4')’tbio- 
p heno ant hrac ene (.^7.), from which 2 5% yield of pure 44 could 
be isolated through adduct formation with maleic anhydride. 

The structure of 4.4 was confirmed on the basis of 
analytical results and spec tr al d at a. The mass .spectrum 
of .4;4 (Fi.g. 1.7), for example, showed a molecular ion peak 
at m/e 396(100). Other peaks in the spectrum were observed 
at m/e 3 1 9 ( 3 ) , 3 1 B ( 4 ) , 31 7(3 ), 292(9), 291(35), 290(1 3), 
289(34), 288(5), 2 8 7( 9 ) , ’ 1 8 8 ( 7 ) , 1 78( 7) , 1 59 ( 4) , 145(3), 

1 44(2), 1 05( 62), 77( 80) and 51 ( S') . Some of these fragmenta-- 
tion modes are shown in Scheme 1.15. 

The mass spectrumi of the mixture consisting of £4 
M.I> on the other hand , showed prominent peaks at m/e 
412(100) and m/o 396 (51), corresponding to their molecular 
ions. Our attempts to isolate a pure sample of £X "P^om ,. ■■ ■ 
this mixture have been unsuccessful. 
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1.3.3 Electron Impa ct Transformation of cis-1.2-Dibenzo.vl ~ 

alkene s 

In contrast to the numerous studies on the mass spec- 
tral fragmentations of saturated aliphatic ketones, only 
scant attention has been paid to the study of unsaturated 
ketones. Djeraasi and coworkers for example, have 

studied the mass spectral fragmentations of several aryl 
and alkyl s ubs t itu te d ^ ‘"-c yd ohexe nones and related bicyclic 
ketones and have shown that dec arbonylations , followed by 

known skeletal rearrangements are occurring in these 
3 5 3 6 

systems. ’ No detailed study has so far been made on 

the mass spectral fragmentations of 1 , 4-d ic arb onyl al kenes 
or related systems. In the present investigation we have 
examined the mass spectral fragmentations of a few repre- 
sentative cis-1 , 2-dibenzoylalkenes with a view to studying 
the mode of cleavage in these systems and also to compare 
their electron-induced and thermal modes of transformations. 

The mass spectrum of c is-1 , 2...dibe nzoyls t il bene (_6) 
(Fig. 1.8), for example, showed the molecular ion peak at 
m/e 380 (28). Other peaks were observed at m/c 283 (26), 

255 (26) , 1 78 ( 60) , 1 05 ( 100) and 77 (98) which could be 
assigned to some of the fragments shown in Scheme 1.16. 

The peak at m/e 372 could he assigned to the fragment _6b , 
formed through the loss of oxygen from the intermediate j6a. 
Further loss of a benzoyl fragment from Jb could lead to 
the formation of the fragment ;6d at m/o 267. Another mode 





Scheme 1- 16 
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Scheme 1.16(Contd) 
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ro/e255(26) 
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of fragmentation that had bean observed was the loss of a 
benzoyl group by a-cleavage, from the starting compound to 
give a fragment_6h at m/e 283. 'The peak at m/ e 360 could 
be assigned to the fragment _6e, formed through the loss of 
CO from the intermediate lactone which in turn, could 
be formed through the pericyclic transformation of the 
starting diketone. 

With a view to assessing whether at least some of 
the fragments observed in the mass spectrum of _6 arose 
through the lactone intermediate 9., the mass spectrum of 
2 , 2 , 3 , 4-t et r ap he nylb ut-3 -enol id B (9.) was examined separately. 
The mass spectrum of 9. (Fig. 1.9) showed the molecular ion 
peak at m/e 306 (100). Other peaks were observed at m/e 
360 ( 91), 359 (65), 344( 1 1 ), 31 1 ( 1 1 ) , 283 ( 76) , 267(1 7), 
265(15), 255(93), 253(45), 252(45), 239(21), 227(6), 209(3), 
178(39), 163(20), 151(32), 152(33), 139(18), 130(10), 126(21), 
1 05(90), 77(88), 55’'(42) and 51(69), which could be assigned 
to some of the fragments shown in Scheme 1.17. It is inter- 
esting to note that several peaks in the mass spectrum of 
j6 correspond to the fragments observed in the mass spectrum 
of the lactone £, ind ic ating t her eby that _6 undergoes at 
least partial transformation to £ under electron impact, 
similar to the observed thermal mode of transformation of /6, 

The mass sp ec tr urn of 2 , 3-d ibenzoylb ic yclo[ 2 . 2 , 1] - 
hepta-2, 5-diene (_1,_4) showed the molecular ion peak at m/c 
3 00 (100) ( F ig. 1 . 1 0) . 0 ther pc aks in the spec trum were 




Scheme 1.17 
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observed at m/e272 (5), 235 (12), 223 (4), 17B(3), 1 65 ( 10) , 

1 52 (5) , 1 05 (30) , 77 ( 3 4) and 66 (18), which could be 
assigned to some of thefragments shown in Scheme 1.18. 

0 ne of the fragmentation modes of Jj4 involved the loss 

of CO to give a fragment 1 4 b at m/e 272. The formation of * 
this fragment could be ■ r at io nali zed in terms of the inter- 
mediate 14 a. arising through a pericyclic ring closure of 
the starting diketone 1 4 . The fragment 1 4 b itself under- 
goes further fragmentation to give different species as 
indicated in Scheme 1.18. A second mode of fragmentation 
of 1_4 is through a-cleavage, involving the loss of a 
phenyl group and perhaps leading to the intermediate 1_4g 
at m/e, 223, which in turn can lose CO to gives the fragment 

1 4 h at m/e 195. A major mode of fragmentation of 1_4 is 

through a retro-Diels-Alder type reaction leading to the 

fragment 1 4n at m/e 66. A significant fragment 1_4 h , at 

m/e 235 was formed through a retro-Diels-Alder reaction of 

14 with hydrogen transfer. Similar examples of retro- 

Diels-Alder reactions with hydrogen transfer have been 

3 7-3 9 

reported in the literature. ” The peak at m/e 105 can 
•be assigned to a benzoyl fragment which is indicative of 

the loss of benzoyl group either from or some of its 
f ragmenta . 

The mass spectrum of 2,3-dibenzoylbiGyclo[2,2.2]- 
octa-2 ,5-diene (J^) showed a molecular ion peak at m/e 314 (67) 
( F ig, 7 1 1 ) . Other significant peaks were observed at m/e 
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Scheme 1.18(Contd) 
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m/e 207 (4) 
14m 
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286(60), 248(5), 209(100), 189(7), 152(10), 105(50) and 
77(25), which could be assigned to some of the fragments 
shown in Scheme 1.19, The prominent peak at m/e 286 was 
attributed to 1 , 2-dibenzoylbenzene (.39.), arising through a 
re tr o-D iels- Aid er elimination of ethylene from .1..5. It may 
be pointed out in this connection that a similar loss of 
ethylene fragment was also observed during the thermal 
transformation of 1._5. The most prominent peak in the 
spectrum of 1_5 was observed at m/e 209( 1 00), which might 
arise through the loss of a phenyl radical from 39 to 

The fragment at m/e 258 could be rationalized 
in terms of 1 5 e , formed by the-loss of 00 from the lactone 
intermediate 1 5 b . which in turn is formed from 39 . 

Ws'have examined the mass spectrum of 1, 2-dibenzoyl- 
benzene (^) also to ascertain whether the fragmentation 
modes of 1_5 correspond to some of the fragments due to 39 . 

It was interesting to note that the mass spectrum of 
(Fig. 1.12) showed several peaks at m/e 286(32), 258(3), 

209( 1 00), 1 93(3 ) , 1 81 ( 6) , 1 65( 4) , 1 52(30), 1 05 ( 37 ) , 77( 37 ) 
and 51(15), corresponding to some of the peaks observed in 
the spectrum of 1_5. Scheme 1.20 indicates some of the major 
fragmentation modes of 39 , 

The mass spectrum of 7-oxa-2 ,3-dibenzoylbicyclo[2*2. 1] 
hepta-2 ,5-diene (J_6) (Fig. 1.13) showed a low intensity 
molecular ion peak at m/e 302 (1 5), Other peaks were 
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Aoc. No. 


m/e 257 ( 2 ) 
15d 



Scheme 1,19(Cont.d) 
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m/e152aO) m/e 153 (5) 









Scheme 1 .20 
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m/e 51(15) ^6^5 

m/e 257 (3) 
15d 




observed at m/e 286(2) , 273 ( 1 6), 234( 87), 209 ( 2 ) , 206 ( 1 1 ) , 

205(1 1 ), 19 7(1 3) , 1 78(34), 1 52( 4), 1 51(4), 1 29 ( 3 4 ) , 1 05 ( 1 00 ) , 

77(65) and 68(81). Some of these fragmentation modes have 

been rationalized in Scheme 1.21, One of the pathways 

appears to involve the loss of 00 from 1_6 to give the 

fragment 16 b at m/e 274, and \6_a may be an intermediate 

in this transformation. A second mode of fragmentation 

is through the loss of a benzoyl group from _1_6 to give 

the fragment 1_6d at m/e 197, which could also result from 

the loss of a phenyl radical from 16b. Further loss of a 

benzoyl group from 1 6 b would lead to the intermediate 1 6 c 

at m/e 169. The loss of acetylene and a. phenyl radical 

from _1_6 would give rise to the fragment _1_6g at m/e 199. 

An interesting mode of fragmentation of 1_6 involves the 

loss of an oxygen atom, and perhaps leading to the fragment 

1 6 h at m/e 286. Similar loss of oxygen atoms have been 

observed in the mass spectral fragmentations of 1,4-dihydro- 

40 41 

1,4-epoxynaphthalene and dibenzo-1 , 4-dioxin. In the 
case of 1_6, the driving force for oxygen elimination may 
be the gain in stabilization due to the formation of 
1 , 2-dibenzaylben2ene ( 32_) . The peak at m/e 209 has been 
attributed to the fragment J_6i formed from 39 through a 
k no wn fr agmentation. mod e. Yet another mode of fragmentation 
IJl is through a retro-d iels-Ald er type, as evidenced 
by the formation of fragments _1_6j at m/e 235 and 1 6 p at 
m/e 68. Further fragmentation of these intermediates would 
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Scheme 1. 21 
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Scheme 1 . 21 (Contd) 


59 






Scheme 1.2'i (Contd) 
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I'oad to othc3r peaks observed in the mass spectrum of 1 6 . 
as shown in Scheme 1.21. 

As in the c aso of 1_6, the mass spectrum of 1,4-di- 

phenyl-2,3-dibenzoyl-l ,4~epoxynaphthalene (jji) (Fig. 1.14) 

showed a low intensity molecular ion peak at m/e 504(5). 

Other peaks in the spectrum were observed at m/e 399(9), 

3U2(4), 297(3) , 270(1 00) , 239(5), 234 ( 1 5 ) , 209 ( 4) , 193( 3), 

1 7B( 5) , 1 65( 5) , 1 35(1 5), 1 29( 5), 1 05(35), 77(1 5) and 51(4) 

and those are assigned to some of the fragments shown in 

Schuma 1.22, A major mode of fragmentation of 1_6 has been 

through the retro-Diels-Alder reaction, leading to the' 

1 , 3~dip honylisobunzof uran fragment, 1_0a observed at m/e 

27ll(100). The peaks at m/e 269 , 241, 239, 1 93 and 165, 

could bn assigned to fragments 1 ike 1 8c , 1 Bd . ' 1 Be . 1 8f 

and J_8.g, formed from further fragmentation of l_8a. In 

this connection it might be mentioned that recent studies 

have shown that similar' fragments are observed in the mass 

1 6 

spectrum of 1 ,3-dip henylisobenzof uran. As in the case 
of 1_6,, one of the fragmentation modes of 1_8, involves the 
loss of an oxygon atom, to give the fragment 1 8 h at m/e 488. 
Subsequent loss of a benzoyl group from 1_8h would lead to 
the fragment jlJ,i at m/o 383 and then the loss of one 
hydrogen atom would give rise to the fragment jj.j at m/e 
382. Loss of a benzoyl group from 18., on the other hand, 
would lead to the fragment J^n, observed at m/c 399. In 
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Scheme 1.22 
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Scheme 1.22 (Contd) 
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m/e 399 (9) 
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the light of the information concerning the fragmentation 
mode of J[^_, it is reasonable to assume that 1_8n might be 
formed through intermediates like 1_81 and as shown in 

Scheme 1.22. 

The mass spectrum of 9,10-dihydro-11,l2-dibenzoyl- 
9 , 1 0~etheno anthracene (2J3) (Fig. 1.15) showed a prominent 
molecular ion peak at rn/e 412 (03). Other peaks were 
observed at m/e 332 (9), 308 (8), 307(27), 279(18), 243(6), 

202( 1 4), 200(1 2), 1 78( 65) , 1 66(7) , 1 64(6), 1 05 ( 1 00) , 77( 20 ) 
and 51(5). One of these fragmentation modes involves the 
loss of a benz-oyl group from to give the fragment 20 b 
at m/e 307(27), which in turn could lead to fragments like 
2Q c at m/e 279 and 2 O d at' m/e 202 (Scheme 1.23). The 
highest intensity peak at m/e 105 (100) had been d ue to 
the benzoyl fragment, ^e. The peak at m/e 1 78( 65) could 
be assigned to an anthracene fr aqmeht 20 f . arising through 
a retro-Diels-Alder reaction. 

. . ' 2 4t 

The mass spectrum of 6 , 7-dibenzoyltr icyclo[ 3 . 2 .2 . 0 ' j- 
nona-6, 8-diene (?^) (Fig. 1.16) revealed several interesting 
features. The molecular ion peak was observed ot m/e 326 ( 1 8), 
whero as other prominent peaks were observed at 325(2), 311(1), 
270( 7), 249(2), 23 5 ( 1 ) , 221 ( 33 ) , 2 04( 2 ) , 1 93 ( 2 ) , 1 7 8 ( 2 ) , 

1 65(2) , 152 ( 1 ), 1 1 5( 4) ,105 ( 1 00) , 91(6), 77( 30) and 51(20) , 
which Could be assigned to some of the fragments shown in 
Scheme 1.24. The peak at m/e 325 has been assigned to the 
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fragment farmed by the elimination of o ne hydrogen 

atom,, whereas the peak at m/e 311 could be assigned to 
the fragment 2_2h foOTod through the loss of one methyl 
group. Similar loss of hydrogen atom and methyl groups 
have been observed in the mass spectra of several cyclo- 
heptatriene d eriv at ives . The peaks at m/e 240 and 
220 wt3rB assigned to the fragments 22 c and .2^d respec- 
tively, arising through the fragmentation of 22_a. Elimina- 
tion of a phenyl radical from 2 ^ could lead to the fragment 
,22 1' at m/u 249, which in turn can lose CO to give at 

m/o 221. The fragment 2,^g may also be formed through an 
a-cloavage of 2_2_, with the elimination of a benzoyl group. 
Another mode of fragmentation of ^ involves a retro-Diels- 
Alder reaction with hydrogen transfer leading to the 
fragments ,2^h at m/e 235 and at m/e 91 . , The highest 

intensity peak at m/e 1 05 ( 1 00) has been assigned to the 
benzoyl fragment ^i. ■ 

The mass spactral investigations of some of the cis— 

1 , 2-dibBnzQyl alkones that we have examined, reveal that a 
general pathway for fraQinentation is through the retro- 
Diols-Alder reaction, similar to that observed under thermal 
Conditions. As is evident f rom T able 1 .3 , the adducts 1 4 , 

1 6 . 1,8, 20 and 22 _ gave rise to the appropriate diene or 
triene fragments in rel at ively h igh abundance. In the 
case of the adduct i5„ also, a retro-Diels-Alder type of 
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Fig. I. 16 Mass spectrum of 6?7-dibenzoyltricyclo[3.2.2.0 jnona-6,8- diene(22) 






Scheme 1. 24 
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Scheme 1.24 ( Contd) 
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f r agrriB rrt at io n has bscn observed; but it proceeds with the 
loss of an ethyleno moiety instead of dibenzoylacetylene. 

In some cases where there is a p'ossibility for the retro- 
Diels-Alder reaction to proceed with hydrogen migration, 
as in the cases of JM_, 1 6 and ^2^, such fragmentation modes 
have also been observed, as could be seen from Table 1.3. 

A sc3Cond prominent mode of transformation of cis- 
1 , 2 -d ibe nzoy 1 al ke nes involves the loss of CO from the 
molecular ions and it is reasonable to assume that this 
tyfjo of CD loss may be occurring from the rearranged 
3 -bu to nol id es , in each case. It might be pointed out in 
this connection that similar rearrangements of the start- 
ing c is- 1 , 2 -d ibe nzoy 1 al ke nes have not been observed under 
thermal conditions, except in the case of cis~1,2-dibenzoyl- 
s til ben 8. 

Table 1.4 summarizes some of the major fragments, 
induced by electron-impact and their intensities. It is 
also apparent f rom T able I . 4 , that other fragmentation 
modes, like loss of phenyl and benzoyl groups from the 
molecular ions are also prominent in the case of most of 
t he c is-1 , 2-dibenzDyl alkenes t hat we have examined . 

1.4 EXPERIMENTAL 

All malting points are uncorrected and were determined 
on a Mel -Temp , melting point app aratus. The ir spectra were 
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rcjcordsd on Psikin — Elmar Model 137 or 521 Infrarsd Spactro — 
meters. The electronic spectra were recorded on a Beckman 
DB spectrophotometer. I\lmr traces were recorded on Varian 
A-60 or XL--100 NMR spectrometers using te tr ame t hyls il ane as 
internal standard. The mass spectra were recorded on a 
Hitachi RMU-6E Single Focussing Mass Spectrometer or a 
Varian Mat CH7 Mass Spectrometer at 70 eV . 

I • • "I Starting Materials 

D ibenzoylac etylen e, mp 110-111“, was prepared by a 

reported procedure involving the bromination of trans- 

44 

d ibenzoyle thylene , followed by dehydrobromination of the 

45 

dibromo derivative. tr ans-Dibe nzoylethylene itself was 

prepared by a reported procedure. Cyclopentadiene, bp 41°, 

was freshly distilled before use and was obtained by the 

depolymerization of the 'Technical Grade' d icyclope nt ad iene . 

47 

1 , 3 -Cycl ohex ad iene , bp 79-80° and 1 , 3-diphenylisobenzo- 

4 8 

furan,' mp 130°, were prepared by reported procedures. 

c is-Dibenzoylstilbene , mp 216-17°, was prepared by the 

• 49 

perbunzoic acid oxidation of tetrap henylf uran. 

1.4.2 Reaction of Cyclopentadiene with D ibe nzovl acetylene 

A mixture of cyclopentadiene (1.5 g, 0.02 mol) and 
d ibon zoyl ac e tyl e no ( 2 . 3 g , 0 . 01 mol ) w as reflux ed in benzene 
(30 ml) for 3 hr. Removal of the solvent under vacuum and 
recrystallization of the residue from a mixture (2:1 ) of 
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petroleum ether (bp 60-80°) and benzene gave 2.9 g ( 9 8^o ) 

of j 3 itiG n zoy lb ic yc 1 q[ 2 . 2 . 1 ] hep t a-2 , 5-d iene ( j_4) , mp 144° 

12 

(lit. ■ mp 142-43° ) . 


Anal. Calcd forC2^H^g02: C, 84,0; H, 5.33; Mol. wt . , 
300. Found: 0,84.25; H, 5.46; Mol, wt .,300 (Mass spec- 
trometry) , 


Ir spectrum (KBr) v 


max 


X-H 


, aromatic and olefinic) 


asymmetric and symmetric), 1635 

.1 


1 5 75 cm’ 


^^ 0 = 0 ^ 


3060, 3005 and 2963 cm"”' 
2940 and 2875 cm"’’ (v^.^, , 

L n Q 

-,1 ^ 
cm ’ ’’ 


Uv spectrum (Ethanol) X : 258 nrn ( e, 1 6,200), 

m 3 X 

292 ( 6,600) and 349 ( 650) . 


In a repeat run, 3.2 g (0.014 mol) of dibenzoyl- 
acetyiene was mixod with excess (15 ml) of cyclopentadiane 
and left at room temperature for 30 minutes. The reaction 
was exothermic and work-up of the mixture by removal of 
the unchanged cyclopentadiene under vacuum and fractional 
crystallization of thi; product from a mixture ( 1 ; 1 ) of 
petroleum ether (bp 60-80°) and benzene .gave 3.95 g (99';^^) 
of Al.i' 144° (mixture mp). 

^ *4.3 Rsaction of 1 .3-O vclohexadiene with Di b enzovlacetylene 

A mixture of dibenzoylacetylene (2.3g, 0.01 mol) and 
1 ,3 -cyclohexadiene (2g, 0.025 mol) in benzene (30 ml) was 
refluxed for 8 hr. Removal of the solvent under vacuum gave 
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a product which was racrystall izad from a mixture (2:1) of 
petroleum ether (bp 60-80°) and benzene to give 2.8 g (90%) 
of 2,3-dibenzoylbicyclo[2.2. 2]octa-2,.5-diene (ID, mp 153°. 


Anal . Calcd forC22H^g02: C, 84.07; H, 5.73; 

IMol. wt., 314. Found: C, 84.35; H, 5.62; Mol. wt . , 314 
(Mass epectrometry) . ■ 


Ir spectrum (KBr) v 


2935 and 2065 cm" 
- 1 

1 64 0 cm ( V ) 


• 1 


max 


3080 and 3005 cm 


-1 




( Vr 


Ql_l , asymmetric and symmetric, 
1 605 and 1 580 cm""' (V(,^^) . 


C:=0' ’ 

Uv spectrum (Ethanol) X 


max 


: 256 nm (e, 15,100) , 


2B7 (7,500) and 345 ( 400) . 


1.4.4 Reaction of Furan with Dibenzovlacetylene 


A mixture of d ibenzoyl acctyle ne (0.6 g, 2.5 mmol) 
and furan (0,2 g, 2.5 mmol) was heated in a sealed tube 
around 50° for 9 hr. . Removal of the unchanged furan gave 
a product which was chromatographed over silica-gel. 

Elution with a mixture ( 1 ; 1 ) of petroleum ether (bp 60-80°) 
and benzene gave 0,1 g(17D d ibenzoyl aeBtylBne , mp 111° 

( mixture mp ) . 

Further elution of the column with a mixture (1:2) 
of petroleum ether (bp 60-80° ) and benzene gave 0.3 g (46%) 
of 7-oxa-2 , 3-dib enzoylbicyclo [2 . 2 . 1 ] hept a-2 , 5-d iene (_1_6 ) > 
mp 122-23°, after recrystallization from a mixture (1:1) of 
p e t rol 8 urn B t her ( bp 60-80°) and benzene. 
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Anal. Calcd : C, 79.9; H, 4.66; Mol. wt . , 

302, Found; C, 79.63; H, 4.48; Mol. wt . , 302 (Mass Spec- 
tromet ry ) . 

Ir spectrum (KBr) v ; 3265, 3105, 3055 and 3030 

m ax ^ ’ 

1 1 1 
^ ^^0=0^’ ’’ ^^0=0^' 

Uv spectrum (Ethanol) X : 256 nm (e , 13,000) , 

rn ax 

292 (5,900) and 344 (500). 

In a repeat run a mixture of 2 g (8.5 mmol) of 
d ib u nzoyl ac 0 tyl eno and excess (10 ml) of freshly distilled 
furan was heated in a sealed tube around 60-65" for 12 hr. 
Work-up of the mixture as in the earlier case gave 2 g (77%) 
of mp 1 22-23 ° (mixture mp). 

1,4.5 Reaction 1 ,3-Diphenylisobenzofuran with Dibenzoyl - 
acetvlene 

A mixture of dibenzoylacetylene (2.34g, 0.01 mol) 
and 1 , 3-d ip he nyl isobe nzo f ur an ( 2 . 7g , 0.01 mol) in benzene 
(50 ml) was refluxed for B hr. Removal of the solvent under 
vacuum gave a product which was treated with a small amount 
of hot ethanol. The solvent-insoluble portion was recrystal' 
lized from a mixture (2;1) of petroleum ether and cyclo- 
hexane to give 200 mg (6%) of a product, mp 250°, identified 

50 

as 9,10-diphenylanthracenB (lit. mp 249-50°). 

Anal . Calc d for C 2 gH^ gZ C , 94 . 54 ; H, 5,45 ; Mql. wt. , 
330, Found: C, 94,40; H, 5.51 ; Mol . wt. , 330 (Mass spectro- 
metry ) . 
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Ir spectrum (KBr) 3065 and 303Q cm""' (v_ m), 

msX L. — ri 

1 598 cm"'' * 

Uv spectrum (Gyclohexane), X : 22,1 'nm (e , 24 , 000 ) , 

m ax ^ 

2 61 (1 1 4,600) and 375 ( 1 3,200). 

Nmr spectrum (CDCl^ ) : 7.66 (aromatic protons). 

Mass spectr um m/e ( rel . intensity) : 33 0( 1 00) , 329 ( 1 2 ) , 
328( 1 0), 327(9), 253 ( 1 f) , 2 52 ( 2 5) , j 63 ( 4) , 1 62 ( 3 ) , 1 56( 4) , 

1 50( 4) , 130(2) , 1 37(2), 1 2 6 ( 2 ) .and 77( 22 ) . . ' 

Concentration of the alcohol soluble portion and 
fractional crystallization from ethanol gave 3.6 g (71%) 
of 1 , 4-dip henyl-2 , 3-dibenzoyl-1 ,,4- epoxynap Kthalene (18). 
mp 157'’. ' 

Anal . Calcd for C^gH2^025 C, 05.70; H, 4.76; Mol. wt., 

504. • Found: C, 05. 90; H, 4.35; Mol. wt., 504 (Mass Spec- 
trometry) , , ■ ' 

- 1 

Ir spectrum (KBr) v„ '• 3055 and 3025 cm" (vr u) » 

max u — n 

1 657 cm"'' 1 601, 1 581 and 1 500 cm"'' ' 

Uv spectrum (Ethanol) : 250 nm (e, 1 4,000), 2 84 

(5,500) and 348 (250) . 

Nmr spec trum (CDClj ) : 7'. SiS ( multiplet , aromatic). 


1.4.6 Reaction of 1.3- 


with Benzene 


A s ample of 1 , 3~dip henylisobenzof uran ( 1 00 mg , 0.37 
mmol) was refluxed in 20 ml of benzene for 24 hr under 
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nitrogen atmosphere. The solvent was removed under vacuum 
and the residue was chromatographed over silica-gel. Elution 
with petroleum ether (bp 60-80°) gave 0.8 g (1%) of 9,10-di- 
phenyl ant hrac e ne , mp 250° ( mixture rnp) . 

Further elution of the column with a mixture (10:1) 
of potroleum ether (bp 60-00° ) and benzene, gave 25 mg (25%) 
of the starting material, mp 131° (mixture mp ) , 

Subsequent elution of the column with a mixture (1:1) 
of petroleum ether (bp 60-80°) and benzene gave 4 mg (4%) 
of 1 ,2.-d ibenzoylbenzene, mp 1 49-1 50° (mixture mp ) . 

1.4,7. Reaction of Anthracene with Dibenzoylacetylene 

Heating a mixture of dibenzoylacetylene (2.34 g, 0.01 
mol) and anthracene (1.78 g,. 0.01 mol) around 200° in a 
sealed tube for 30 minutes and work-up of the mixture by 
fractional crystallization from xylene gave 2. 5 g ( 60%) 
of 9 , 1 0 -dihydro-1 1 , 1 2-dibenzoyl-9 , 1 0-etheno ant hr acene ( 20 ) . 
mp 212° (lit,”’’^® mp 212-215.5°). 

'-1 

Ir spectrum (KBr) 3225 cm 

(Vj-_q), 1620 and 1 59 0 cm"'' (y . 

Uv spectrum (Methanol) 15,000), 

295 (5,600) and 345 (1,400). 

Nmr spectrum ( CDCI3 ): 5. 666 ( sin glet, 2H , bridgehead) 
and 7.256 (multiplet , 14H, aromatic) . 
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^ ^ ® .B.§_.iC _t io n of Cyclohe p t atrie ne with Dib en zo vl acetyle ne 

A In Toluene 

A mixture of d ibenzoylacetylene (2.3 - g, 0.01 mol) and 
c ycl ohep t atr ie ne (2 g, 0.02 mol) was refluxed in toluene 
(50 ml) for 20 hr. Removal of the solvent under vacuum 
gave a product which was chromatographed over alumina. 

Elution with a mixture (1:1) of petroleum ether (bp 60-80°) 
and benzene gave 59 0 mg ( 1 0)o ) of 6 , 7-dibenzayltricyclo- 
[3.2.2.a2 ' no na- 6 , 8-d ie ne {22_) mp 133°, after rec rys t all iza- 

• i.' 

tion from a mixture (2:1) of petroleum ether (bp 60-80°) 
and benzene. 

Anal . Caleb f or C 22 gL )2 s C, 84.66 ; H, 5.52; Mol. wt., 
326. Found: C, 84.84; H, 6.08; Mol. wt., 326 (Mass spectro- 
metry) . . . 

— 1 

Ir spectrum (KBr) v ■ : .32.83 cm” (v c ycl oprppyl ) , 

m 3 X Li n 

3060, 3005 and 29 80 cm”"' (vq |^) , 1 645 cm”"* 

1 580 cm"”' (v _l~ ) , 1 038 cm"”' • 

. Uv spectrum (Ethanol) X : 255 nm (e , 1 3,500), 290 

V in 3x 

(6,300) and 350 (500) . 

Further elution of the column with benzene gave TO mg 
( 2% ) of 3 , 4 -d ib e nzoy lb icycl o[ 3 .2 . 2] nona-2 , 6 , B-triene ( 23 ) . 
mp 1 56° , after recrystallization from a pi ixture ( 2 ; 1 ) of 
petroleum ether (bp 60-00°) and benzene. 



87 


•llal- Clalcd for t:23H^g02: C, 84.66; H, 5.52; Mol. wt. , 
326 , Found; C, 84.66 ; H, 5.83; Mol, wt. , 326 (Mass spectro- 
metry). 

Ir spectrum (KBr) 3220, 3150 and 3060 cm"^ 

m ax 

(Vf._H), 16B0 and 1 660 cm“’' ( , 1 600 and 1 585 cm""' (vq_q). 

Uv spectrum (Ethanol) 250 nm (e , 20,000), 274 

( 0,700) and 320 (400) . 

— the Abse n c e of A ny Solvent 

A mixture of 4,68 g (0.02 mol) of dibenzoylacetylene 
and excess (10 ml) of cyclohept atr iene was heated in a 
sealed tube around 95-1 00'’ for ,16 hr. The reaction mixture 
was chromatographed over alumina. Elution with pe'troleum 
ether (bp 60-80'’) gave 1.0 g (28%) of mp 133° (mixture 

mp), after recrystallization from a mixture (2:1) of 
petroleum ether (bp 60-60°) and benzene. 

Further akition of the column with a mixture (20:1) 
of petrols urn ethe r (bp 60-80°)- and benzene gave 15 mg 
(0.3%) of 2 ^, mp 156° (mixture mp), after recrystallization 
from a mixture (2:1) of petroleum ether ( bp 60-80° ) and 
benzene . 

Subsequent elution with a mixture ( 10: 1 ) of petroleum 
ether (bp 60-80°) and benzene gave 30 mg (0.67o) of an 
unidentified yellow solid (^) , mp 181°, after recrystal- 
lization f rom a m ix tur B ( 1 s 1 ) of chloroform and petroleum 
ether (bp 60-80°). 
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Anal, Calcd for C:32H2 q 04: C, 02.05; H, 4.27; Mol. wt., 
468. Found: C, 01.53; H, 4.36; Mol. wt., 468 (Mass Spec- 
tro me try ) . 

Ir spectrum (KBr) v • 3205 , 31 85 and 3065 cm””' 

, m ax 

^^Q-0'^’ 1 630 and 1 590 cm"^ 

Uv S;pQctrum (Methanol) 255 nm (e , 40,000), 

280 (10,200) and 328 (12,600). 

Nmr spectrum (CDCl^); 7.436 (multiplet, 16H, aromatic) 
and 8.336 (multiplet, 4H , aromatic). 

Mass spectrum m/e (rel. intensity): 468(100), 451(14), 
392(12), 391(43), 363(7), 313(8), 305(4), 276(4), 234(3), 

229( 2) , 1 05( 1 6) , 92( 6) , 91 (10) , 78(45) and 77(1 0) . 

Continued elution of the column with the same solvent 
mixture gave 70 mg (1,5°/a) of a second yellow solid, 24 . 
mp 206°, after recrystallization from a mixture ( 1 ; 1 ) of 
chloroform and petroleum ether (bp 60-60° ) . 

A n al . C ale d for ^32^20 '’' 4 * 82. 05; H, 4,27; Mol.wt,, 

468, Found: C, 81,72; H, 4. 45; Mol. wt. , 468 (Mass spec- 
trometry) . 

Ir spectrum (KBr) 3455 c'.m"'V (Vj^_l_|) , 3 1 95 , 3055 

and 291 5 cm””' (vq p) » C-0^ ’ '' 

1 590 cm””' (vq__q) . 

Uv spectrum (Methanol) X ; 254 nm (e , 43,600) , 

287 (20,000) and 326 (14,000). 
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Nmr spectrum (CDCI3): 4. 166 ( singl et , 1 H , -OH ) , 

7.466 (multiplet, 15H, aromatic) and 8.266 (multiplet, 4H , 
aromat ic ) . 

Mass spectrum m/e (rel, intensity); 468O00), 451 (9), 
392(10), 391(35), 363(6), 313(8), 305(2), 289(2), 285(1), 
276(3), 234(2), 229(2), 105(15), 92(5), 91(10), 78(43) and 
77(17) . 

^*^•5 Thermolysis of cis -Dibenzcylstilbene (_6) 

A sample of c is-dibenzoylstilbene (_6) ( 60 mg, 0.15 
mmol) was heated around 260° for 30 minutes. The reaction 
mixture was fractionally crystallized from ethanol to giye 
55 mg (92'/o) of 2 ,2 ,3 ,4-tetraphenylbut-3-enolide (£) , 

m 

mp 137-3 8° (mixture mp). 

In a repeat run, 200 mg (0.51 mmol) of _6 was refluxed 
in 30 ml of nitrobenzene for 20 hr. Removal of the solvent 
under vacuum and work-up of the mixture as in the earlier 
case gave 125 mg (96/0 of £, mp 138° ( mixtur e mp ) . 

^•'^•10 T he r mol vs is o f 2 .3 -Dib enzovlbic ycl ofO .2 . 1 1 hept a - 
2 . 5 -d iene (14) 

A 500 mg (1,67 mmol) sample of 2,3-dibe^zoylbicyclo- 
[2.2.1] hept a-2 ,5 -diene (jH) was heated around 160° i-n a 
sealed tube under vacuum for 4 hr. After cooling, the 
sealed tube was broken and the clear liquid that was col- 
lected in the upper portion of the tube was removed to give 
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33 mg (30%, 63% on the basis of reacted starting material) 

of cycl ope n t ad ie ne , identified through a comparison of its 
ir spectrum and glc retention time, with those of an authen- 
tic sample. 

The dark residual mass left in the tube was frac- 
tionally crystallized from a mixture (2:1) of petroleum 
ether (bp 60-8D‘') and benzene to give 200 mg (40%) of the 
unchanged starting material, mp 144° (mixture mp). ho 
other product could be isolated from this run. 

In a repeat run, 190 mg (0.63 mmol) of _1_4 was heated 
around 200° in an open tube for 2 hr. Colourless droplets 
of cycl ope nt ad ie ne was collected in the cooler parts of the 
tube. On continued hooting for 12 hr, a small amount 
(15 mg, 19%) of benzoic acid, mp 121° (mixture mp) was 
isolated from the cooler parts of the tube. VJork-up of 
the residual brown mass in. the reaction tube did not give 
rise to any isolable product. 

1.4.11 Thermolysis o f 2 . 3 -Diben zo vlb ic ycfl o [2 . 2 . 2 ]oct a- 
2 , 5 -die ne ( 15 ) 

A sample of 2,3-dibenzoy lbicyclo[2 .2 .2 ] oc ta-2, 5-diene 
(15) (0.4 g, 1.2 mmol) was heated in a sealed tube around 

160° for 2 hr. The product mixture was crystallized from 
a mixture (1:2) of acetone and ethanol to give 0.36 g (99%) 
of 1 , 2 -dib en zoylbenzeno (^) , mp 1 50° (mixture mp),. 



91 


1.4.12 At. t emp ted Thermolysis of 1 . 2-Dib enzovlb enzene ( 22.) 

A sample of 1 ^ 2-dib e nzoylb enze ne ( 3i) ( 1 50 mg, 0.52 
mmol) was heated in a sealed tube around 2 50° for 6 hr. 
Work-up of the mixture in the usual manner and crystalliza- 
tion of the product from a mixture (1:1) of petroleum ether 
(bp 60-80°) and benzene gave 145 mg (97%) of the unchanged 
starting material, mp 149-50° (mixture mp) . 

1.4.13 Thermolysis of 7-oxa-2.3-dibenzovlbicvclor2.2.ll - 
hepta-2.5-di B n~o ^(1 "6T 

A solution of 7-dx a-2 , 3-dibenzo ylbicycl o [2 .2 . 1 ] hept a- 
2,5-dienB (12) (100 mg, 0.32 mmol) in dioxan (20 ml) was 
refluxed for 4 hr. Removal of the solvent under vacuum 
gave a solid mass which was treated with water and then 
was extracted with chloroform. Work-up of the chloroform 
extract in the usual manner gave 70 mg (90%) of .d ibenzoyl- 
acetylene, mp 110° (mixture mp) , after r ec rys t all ization 
from cyclohexane. 

• 4 . 1 4 Thermolysis of 1 . 4-Diphenvl-2 .3-di benzo vl-1 , 4-epoxv - 
n aphth alene (j_0) 

A solution: of 1 , 4-diphBnyl-2 ,3-dibenzoyl-1 , 4-epoxy- 
naphthalena (JJ,) (250 mg, 0.5 mmol) -in diphenyl ether 

(20 ml) was refluxed for 12 hr. Removal of the solvent 
under vacuum gave a product mixture which was chromato- 
graphed over silica-gsl. 
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Elution of the column with a mixture (10:1) of petro- 
leum ether (bp 60-00°) and benzene gave 2 mg { 2 %, 2 . 5 % on 
the basis of the reacted starting material) of 1,3-diphenyl- 
isoben zof ur an , mp 13,0 ° ( mixture ' mp ) . 

Further elution of the column with a mixture (5:1) 
of petroleum ether (bp 60-80°) and benzene gave 100 mg 
(4D7o) of the starting material, mp 1 56-57° (mixture mp) . 

Subsequent elution with 1:1 mixture of petroleum 
ether (bp 60-80°) and benzene gave 60 mg (42%, 71% on the 
basis of the reacted starting material) of 1 , 2-dib enzoyl- 
benzene ( 39 ) . mp 1 49-50° (mixture mp ) . 

1.4,15 Thermolysis of 1 .3-Diphe nylisobenzof ur an (17) 

A solution of 1 ,3 -diphenylisobenzofur an (,1T) (54 mg, 

0.2 mmol) in dip hen ylethe r ( 1 5 ml ) was refluxed for 1 8 hr. 
Removal of the solvent under vacuum gave a product which 
was fractionally crystallized from a mixture (1:1) af 
petroleum ether (bp 60-00°) and benzene to give 42 mg 
(73')'ei) of 1 , 2 -d ibe nzoylbenzene (29,) , f^p 1 49-50° (niixture mp) . 

1*4,1 6 Thermolysis of g.10-Dihvdro-11 . 1 2-diben zuyl - 
9 . 1 O-ethe no anthr acene ( 20 ) 

A sample of 9 ,1 O-dihydro-1 1 ,1 2Tdibenzoyl-9 , lO-etheno- 
anthracene (20) (200 rng , 0. 5 mmol) ' was thermolyzed around 

260° for 2 hr in a sealed tube, , The thermolyzed produc t was 
chromatographed over alumina. Elution with petroleum ether 
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(bp 60 — 00°) gave 50 mg (5 8%, 03% on the basis of the 
reacted starting material) of anthracene, mp 215° (mixture 
mp ) . 

Further elution of the column with a mixture of (20:1) 
of petroleum ether (bp 60-80°) and benzene gave 60 mg (30%) 
of the unchanged starting material, mp 212' (mixture mp). 

I .4.17 Reaction of 9 , 1 O-Dihydro-1 1 , 1 2-dibenzovl-9 . 1 0- 
e the no ant hr ac ene with Phosphorus Pentasulphide 

A mixture of 9 , 1 0-dihy dro-1 1 , 1 2-dib e nzo yl-9 , 1 O-etheno- 
anthracene (1,03 g, 2.5 mmol) and phosphorous pentasulphide 
(1.11 g, 5 mmol) was refluxed in £-xylene (50 ml) for 1 hr. 
Removal of the solvent under vacuum gave a product which 
was treated with a 5% solution of sodium hydroxide and 
subsequently extracted with methylene chloride. Removal 
of the solvent from the methylene chloride-extract gave a 
product which was chromatographed over neutral alumina. 

Elution with petroleum ether (bp 60-00°) gave 0,8 g 
n'i' a mixture of products consisting of 12,14-diphenyl- 
9,10(3' ,4’ )“furanQanthracene (£4) and 12,14-diphenyl- 
9 , 1 Q( 3 ' , 4 ' ) thiophenoanthr acene (^) , mp 21 5-220°. 

The mixture consisting of 4j4 and (0.8 g) was 
treaTsd with 0.2 g (2 mmol) of maleic anhydride in dry 
benzene (20 ml) and the solution was allowed to stand at 
room temperature for 3 hr. Removal of the solvent under 
reduced pressure gave a product-mixture which was 
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x 6 c ry s "t all i z E d from cyclohexane. The rec rys 1 al 1 ized 
product appeared to be a mixture of two crystalline 
products. The colourless crystals from this mixture were 
h and — sep ar ated and was subsequently chromatographed over 
alumina. Elution of the column with petroleum ether 
(bp 60 - 00 °) gave 0.2 g {2af°) of 1 2 , 1 4-dip hen yl-9 , 1 0 ( 3 ' , 4!)- 
f ur anoant hr acene ( 44 ) , mp 217-18°, after recrystallization 
from a mixture ( 1 : 2 ) of petroleum ether (bp 60-80°) and 
benzene. 

Anal . Calcd for C 2 QH 2 gO: C, 90 .91 ; H , -5 . 05 ; Mol. wt., 
396 . Found; C, 90.63, 11, 5.18; Mol. wt., 39 6 (Mass Spec- 
trome try ) . 

Ir spectrum (KSr) 3020, 3000 and 29 80 cm“^ 

(Vq_^). 1 602 and 1 490 cm""' (^c=C^- 

Uv spectrum (cyclohexane) Xfj,gx* ^30 nm (e, 1 5,050) 
and 312 (20,900) . 

Nmr spectrum (CDClg); 5,656 (singlet, 2H, bridgehead) 
and 7 . 3 76 ( multiplet , 14H, aromatic). 

Removal of the colourless crystals of m aleic anhydride 
adduct, left behind 0,45 g (44.5%) of a crystalline material 
which appeared to be a 1:1 mixture of 1 2, 1 4-diphenyl- 
9,1 0( 3 ' , 4 ' ) fur an 0 ant hr acene and 12,1 4-diphenyl -9 , 1 0( 3 ' , 4 ' )- 
thiophenoan thr ee ene , mp 226-228° . 
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Anal . Qalcd for ^ggH^^OS: C, 89.11; H, 4.95. 

Found! C, 89.05, H, 5.07. 

Ir spectrum (KBr) v„ 3030, 3005 and 29 85 cm"'' 

1 605, 1 580 and 1 494 cm"'' (vq_q). 

Uv spectrum (c^lohexane) x ■ 250 nm (e , 20,410) 

''max 

and 324 ( 31 ,090) . 

Nmr spectrum (CDCl^)-' 5,536 (singlet, 2H, bridgehead 
protons of th iop hen o anthr acene ) , 5.636 (singlet, 2H, bridge- 
head protons of fur an o anthr acene ) and 7.376 (multiplet, 36H, 
aromatic ) . 

Mass spectrum: m/e 41 2( 1 00), 39 6( 51 ) , 379 ( 21 ) , 376(51), 
335(10), 334(10), 302(11), 292(7), 291(36), 290(10), 289(26), 
287(7), 263(4), 189(9), 188(4), 178(7), 167(6), 121(48), 
105(35) and 77(7). 
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CHAPTER II 


PHOTOCHEMICAL TRANSFORMATIONS 
OF cis-1 ,2-DIBENZOYLALKENES 


1 1 . 1 ABSTRACT 

Photolysi-S of 2 , 3 -dibe nzoylb ic yclo[ 2 . 2 . 1] hep t a-2 , 5- 
diena (i£) in benzene solution gave a 90% yield of 

2 , 3-dibenzoylquadricyclo[ 2.2 . 1 ,0^ ’ 0^ heptane (19). 

tlirough an intramolecular cycloaddition process. The 
p ho tolys is of 2 , 3-dibenzo ylbic yclo[ 2.2. 2] oc t a-2, 5-d ie ne 
( ' 4 0 ) under similar conditions, on the other hand, gave a 
mixture of products consisting of 6-( 1-phenoxy-1 -phenyl- 
mat hylene ) b icyc la[ 2, 2 .2] oc t«.2-»'ene-5-exo-c arboxylic ac id 
(21 ) ( 26% ) , 6-( 1 -p henoxy-1 -p he nylmet hylene ) bicyclo[2 . 2 . 2 ] 

oct-2-Bne -S-enuo-c arboxylic acid (^) (6%) and a lactone. 



(£»3/o)# (iaweverj when the photolysis of 20 was carried 

out in methanol, the products formed were the methyl esters 

o 9 nd in 69% and 1 % y ie Id s , respectively. In the 

photolysis of 6 , 7--diben zoy Itr ic yc lo[ 3 . 2 . 2 . ^ ] nona-6 , 8- 

diene ( .3 .,4. ) f the only product that could be isolated w as an 

isotnuric lactone (38) ( 33%) which was on ale go us to the 

Iiiutnne 2 3 , obtained in the photolysis of 2_D. The photo- 

cliumicdl L runs I nr mat ion of 7-oxa—2,3-dibenzoylbicyclo— 

[<- . 2 , 1 j lii-ip t ii- 2 , 3-d ie ne ( 46 ) gave a mixture of products. 

c o ns is t ing of 1 , 5-d ibe n zoy 1-5- formyl -1 ^ 3 -cycl opent ad ie ne 

( 49 ) (32%) and d ib n n zoy 1 acetylene (13%). The photolysis 

a f' 9 , 1 (.1 -d i hydro -1 1 , 1 2-d ibe nzoy 1-9 , 1 0 -e the no ant hr acene (.60 ) , 

on the other hend, gave a 08% yield of 1 ,2-dibenzoyl- 

2 8 

d ib e n zot r ic yc 1 0 [3 . 3 . 0 . 0 ’ Joctadiene ( 63 ) . formed through 
a di-'tx-methane rearrangement. 

The structures of all the photoproducts have been 
u ut ,ibl iuho tJ nn the basis of analytical results and spectral 
data. Kuasunublo mechanisms for the formation of different 
products in these photochemical reactions have been 
s ug gu ;;te d. 

n.2 INTRO D UCT ION. 

P hotochoriiical transformations of a , |3-uns aturated 
carbonyl compounds have been extensively studied in recent 
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years, by several group of workers. Nention may be made 

in this connection of the detailed investigations on the 

p ho t o-t r ans f or mat io ns of dibenzoylethylenes. It has been 

shown by Griff in and O'Connell"^ and also by Zimmerman and 

2 

coworkers that dibenzoylethylenes (_1_) undergo an inter- 
esting p ho tore arr angeme nt in protic solvents, leading to 
the formation of esters (^) . Thus, it has been observed 
that the photolysis of dibe nzoylethyle ne (^a) in ethanol 
loads to the formation of ethyl 4-phenyl-4-phe noxy-3- 
butunnatu (^u) . Similar transformations have been 
□bsurvud in the case of both dibe nzoylstyrene (ib) and 
d ibe nzoy Is t llbu ne (J_c) and leading to the formation of 

the Corresponding esters, ^b and ^c , respectively 
. . 3 

(Scheme II.1).' In a recent investigation, Padwa and 
4 

CDWorkers have shown that the photolysis of trans- 
d ibe nzoy Istilbe no (^c) gives rise to different products, 
depending on the nature of the solvent employed. Thus, 
the photolysis of in benzene, for example, gave a 
mixture of products consisting of c is-d ib e n zoylst ilbe ne 
{_Lc ) ejnd 1 -hydraxy-2 , 3-diphenyl-4-phonoxynaphthalene ( 4_) , 
whereas 2 , 3 ,4-.triphBnyl-4-phenoxy-3-butenoic acid (_5) , 
was formed in aqueous dioxan (Scheme II.2). Similarly, 
Sugiyama and Kashima have observed that the photolysis 
of d ibe nzoylethyle ne (is) in acidic methanol results in 
the formation of a mixture of products consisting of 




. j-vi* sb vt >'■ Ks^ 






4^phonyl^4-.phenoxy^3.butenoate (2a), 1,2.dibenzoyl- 
1 --me t ho xye thane (^) and 2 , 5-dip henylf ur an (T) (Scheme II „3). 

It might be pointed out in this connection that 
t e t r abo n zo y le t hyle ns (^) is reported to undergo isomeriza- 
tion to the lactone, 2 . under photochemical conditions 
( Sciiome 11.4)* 

2 3 

Aimmarman and coworkers ’ have suggested that the 
p fin L 1 1 - 1 r ans f nr iiiut io ns of dibenzoylethylenes (J_) to the 
ctirvespnnding eoters (2) can be rationalized in terms of 
a pathway shown in Scheme II. 5. They have assumed that 
the initial step in the reaction of involves an n--n;* 
excitation of one of the carbonyl groups to give the 
dlradical intermediate 1_0, which can subsequently interact 
with the jt-systern of an adjacent aromatic nucleus to give 
the cyclic intermediate 1_1- Further reorganization of 1 1 
will lead to a ketene intermediate, The overall trans- 
formation of through the intermediates J_0 and _1_1_ 

Can essentially be viewed as a[1,5]phenyl migration, as 
shown in Scheme 11.5. In presence of alcohols, the ketene 
intermediate t^, is converted to the corresponding ester 
Z, whereas, in aqueous medium, the corresponding carboxylic 
acid is farmed. The formation of the phenol, 4_ in the 
photolysis of dibe nzoylstilbene (Ic) has been rationalized 
in terms of the intermediates U. and J_4, resulting from 
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fur. t.fii'31 iuornuriaatio n of the ketene intermediate J_2 5 as 
bhuwn in II. 5, The poor yields of the rearranged 

products fro IT) trans-d ibe nzoylal kenes , as observed by 
/.immerman and coworkers, support the c is-stereoc hemical 
-t B qu ire ms nt of the proposed mechanism^ . On the basis of 
dulaiiocJ t]uGnching studies, Zimmerman and coworkers have 
B u fji|B i-itncJ that the photo-transformations of dibenzoyl- 
Eithylanes pruceud through an excited singlet stated*"^ 

It htis bnon generally observed that in the photo- 
i,'i! uc tinn n r d ibenzoylalke ne systems, a major photochemical 
pathway involves the cis-trans isomerization of the alkene 

/], •'j 0 

double bond. Further, the cis-trans isomerization 

pro(.':eeds at u rate much faster than the photorearrangement, 

2-4 

us in the case of dibenzoylethylenes . ' The object of 

the present investigation has been to study the photo- 
chemical transformations of a few cis-dibenzoylalkenes, 
having rigid structural features and wherein the cis-trans 
isomerization pathway is prevented. The cis-dibenzoyl- 
uJkenus that wu have examined includes 2,3-dibenzoyl- 
b ic yc 1. o[ 2 . 2 . 1] hept a-2 . 5-d ie no ( 1 8 ) , 2,3-dibenzoylbicyclo- 
[2,2,2] octa-2 , 5-diene ( M) , 6, T-dibe nzoyltricyclo[ 3 .2.2.0^’ 
nona-6 , 8-d ie ns (^) , 7-ox a-2 ,3-diben zoy lb ic ycloi 2 . 2 . 1 ] he pt a- 
2, 5-diene (£7.) and 9,in-clihydro-11,12...dibenzQyl-9,1Q-etheno- 
ent hr ace ne ( ,60) . 
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^ RESULTS AND DISCUSSIONS 


1 1 . 3 . 1 Pho_to -trans format ion of 2 .3-] 
L ? » 2 . 1 I he pt a-2 . 5— d ie ne 


I e nzD\ 


Cristol and Snell in 19505 have shown that norborna- 
dienu durivativias undergo photochemical transformations, 
luoding to the formation of quadricyclanes.^ Since then, 
aovural such intramolecular photo-cycloaddition reactions 
hiivi' been studied in great detail J ^ In general, the 
f)liu ti.i-tranaforiiiation of norbornad ie ne s (J_5) can proceed 
through cither a symmetry allowed, s + % s] process 
or through a diradical pathway, as shown in Scheme II. 6. 

It has been shown that the photochemical conversion of 
narbornad iencs (J_5) to quadricyclanes (J_7) can be brought 
about both under direct and sensitized excitation condi- 
tions. The quadricyclanes themselves are relatively 
stable compounds and their thermal stability is attributed 
to the symmetry-forbidden pathway that is involved in the 
riny-upening process { 2o -»-2ti) , which will lead to the 
starting materials. It has been observed that, in 
yurifjral, the structural distortions of the norbornad iene 
skoluton due to different substituents have practically 
very little influence on the photochemical addition 
pathway. Also, it has been shown, on the basis of 
quantum yield studies and quenching experiments, that 




ihu photochemical transformation of norbornadienes to 
quodricyclanes occur through the singlet excited states. 

In the present invest igatio nj we have examined the 
photochemical transformation af2,3-dibenzoylbicyclo- 
[ 2 . 2 . 1 J hop t a~d , 5-d ie ne (_1_8) . Irradiation of a benzene 
.jtiLuLion Cl f using a 3 500 % light source, for 1 hr 

yavj {} 9 0% yivvld of a product ^ identified as 2,3-diben2oyl 
quatJricycia[2.2.1,0.‘'’'^Q^’^]heptanB (,19) ( Sc heme 1 1 . 7) . 

I hu utructuro of J_2. has been arrived at on the basis of 
uloniontal analysis and spectral information. The nmr 
spuctrum (Fig, II. 1) showed the presence of four cyclo- 
prupy.l protonB at 2.586 (4H) and ’two methylene protons 
ut 2.906 (2H). The aromatic protons appeared as a multi- 
plot ejround 7.3 06 (1 OH). 

Further proof for the structure of 1_9. was derived 

from its mass spectrum. The mass spectrum of 1_£ (Fig. 

I 1.2) showed a molecular ion peak at m/o 300 (36). Other 

pocks in the spectrum were observed at m/e 235( 6) , 223-'(4) , 

2U7(5), 195(26), 1 78( 3 ) , 1 67( 1 1) , 1 66 ( 3 ) , 165(9), 152(4), 

115(4), 105(1 GO) , 77( 67) , 66(45) and 51 (1 2) . It is known 

that thu mass spectral fragmentations of norbor nadiene 

and quudricyclane exhibit remarkable similarity in the 

16' 

range of 20-75 eV . In the present studies, we find 
that the mass spectral fragmentations of are very 
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Fig. 11. 2 Mass spectrum of 2,3"Cliben2oylquadricyclo[2.2.1.0 ’ .0 Jheptane(19) 
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similar to those of the norbornadiene derivative _V8 (see, 
Chapiter I, Fig. 1.10), indicating thereby that common 
fraQf^'snts ar b involved in b o t h t he s a c as e s ^ 

ormat ion of 2 , 3 -Dibe nzovl bic yc 
2 ^ 2 » iTJ QC t a- 2 y 5 d ie ne ■ 

Photochemical transformation of b ic vclo[ 2 . 2 . 2 

DC t (, 1-2 , 5 -d in no derivatives have been studied by different 

1 7 1 R 

workers. Prinzbach ’ has shown that in bic yclo[2 . 2 . 2 ]- 

tie; I nii icint! sysliuns, the prominent mode of reaction is not 

2 2 • 

^ ['Ji; s + TC "sj type of addition, leading to the formation 
of t.|uadricyclane analogues. This difference in the phot o- 
raactions of bicyclic[ 2.2 , l] heptadiene and b ic ycl.o[ 2 . 2 . 2] - 
octadione systems is understandable in terms of the poorer 
p-orbital interactions in the latter class of compounds. 
However, Liu has observed that certain bis ( perfluoro- 
niu t hyl ) b ic yclo[2 . 2 . 2] oc t a-2 , 5-diene deriv at ives undergo 

. p 2 2 , 

the (.It 's + TC "sj type of addition, leading to the corres- 

19 

piondinij quadricyclanc type of derivatives. The photo- 
lysis of dimet hyl b icyclo[ 2 . 2 . 2] oc t a-2 , 5-die ne-2 , 3-di- 
carboxylate, however, has been reported to give small 
yields of dimethyl phthalate, a product arising t.hrough 
a photofragmentation process. It has been suggested, 

2 

on the basis of detailed studies by iMelson and Gillespie, 
that the quadric yclane derivative that is formed initially 
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in this reaction is undergoing a further reversion to 
thu starting material, under the reaction conditions and 
hence the expected product has not been isolated. 

In the present studies, we have examined the photo- 
chemical transformation of 2 , 3 —diben 2 oylbicyclo[ 2 . 2 , 2 j — 
uc t 0-2 , 5-d ie ne {2JD) . Photolysis of 2 _Q in benzene solution 
fur 3^2 hr, using a pyrex filter, resulted in the forma- 
i.inn Cl f u mixture of products consisting of 6 -( 1 -phenoxy- 
1 - p he nyl me t hyle ne ) b ic yc lo [ 2 . 2 . 2 ]oc t- 2 -o ne - 5-exo-c arboxy 1 ic 
'‘'I (26%), 6 -{ 1 -phenoxy- 1 -phBnylmethylene)bicyclo- 

1^2 . 2 . 2 ] oc t-2 ~fi ne-5-endo-c arboxylic acid { 2 ^) ( 6 %) and a 
lac lane ( 23%), isomeric with the starting material 
(Schema 1 1.0). The structures of these products have 
buun established on the basis of elemental analysis and 
spectral data. 

The nmr spectrum (Fig. 11.3) of ^ showed two 
mulliplets centred around 1,536 (2H) and 1.886 (2H), 
respectively, due to the methylene protons. The multi- 
plots, centred around 2.95 6 (Id) and 3.58 6 ( 1 H), respec- 
tively, have bean assigned to the two bridgehead protons, 
whereas thu doublet at 3.286 (1H) has been assigned to 
thu cndo proton, h 2 » (2^ 2 = 2*5 ops) . ■ Further splitting 

of this doublet due to a long-range coupling between H 2 
and protons ( 62 , 7 * = ^ confirmed the endo 




'‘Vi» 
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Fig. II. 3 NMR spectrum (60MHz). of the exo-acid (21) 





assignment for tho H 2 -proton in 2i. It may be pointed 

out liore that the splitting pattern that has been observed 

For the H 2 -proton doublet and the values for the coupling 

constant are in agreement with the reported values for 
• • 22 23 

similar systems. ’ The multiplet, centred around 
6.356 (2H) has been assigned to the two protons of the 
phonoxy grcjup in 21 . Such a high-field shift of the 
ortfio piotons in an aromatic ring, attached to an oxygen 
dtotfi has been reported in the literature.^*^ In addition, 
till; ufiuctx’um 0 1' 2 1 showed two complex multiplets centred 
around 6.016 (4H) and 7.296 (7H), respectively, which 
huvo been assigned to the carboxylic, vinylic and aromatic 
protons. It has been observed that one of the protons in 
the multiplet at 6.816 could be exchanged with D 2 O, 
indicating tliereby that the carboxylic proton is present 
in this group of protons. 

Further proof of the structure of 2_1_ was derived 
from its mass spectrum. The mass spectrum of ^ (Fig. II. 4) 
showed a molecular ion peak at m/e 332(26). Other peaks 
in the spectrum were observed at m/e 3 1 4( 1 ) , 3 04 ( 4) , 287(3 ) 
259(100), 239(9), 238(6) , 21 6(3) , 21 5(2) , 2 1 1 ( 6) , 21 0( 9 ) , 
209 ( 3 ) , 1 94 (2 ) , 193(4) , 1 83 ( 8) , 182( 6) , 1 81 ( 3 ) , 178( 4 ) , 
166(5), 165( 10), 1 53( 5), 1 52(6)', 139 (2), 1 33 ( 4) , 1 31 ( 5) , 
115(11), 105(22), 104( 13) , 94(4) , 91(7), 78(6), 77(22), 
65(5), 62(3) and 51(10). Of these, the peak at m/e 304 











has been assigned to- the fragment Ha, formed by the loss 
of an ethylene moiety from the molecular ion. Further 
fragmentation ot Ha will lead to the fragments 2 1 b and 
H^ a’t tri/e 259 and 182, respectively. On the other hand, 
the loss of and CO 2 H fragments from 2 1 will lead to 

frayniontb 2_1_d and 2 I f at m/e 239 and 289, respectively. 

F urther f ragmentations of some of these ions are shown in 
Sc ill,! mu 1 1 . 9 . 

Additional support for the structure of H. 
duriviid tliraugh its conversion to the corresponding methyl 
ustur. Treatment of H. with diazomethsne gave a 57% yield 
of methyl 6- ( 1 -p he noxy-1 -p he nylmethylene ) b icyclo[2 .2.2] oc t- 
2 -enc-5~exa-c arboxylate (H) • nmr spectrum of 2_A 

afiowed a sharp singlet at 3,43 6 ( 3H) , characteristic of 

an ester methoxyl group. 

The nmr spectrum of the isomeric acid H (Fig. II. 5), 
obtained from the photolysis of H showed striking simi- 
larity to that of the exo-acid, H* The* four methylene 
protons in H appeared as an AB-quartet with signals at 
1.41u (2H) and 1 .696 (2H) , respectively, (J = 10 cps) . 

The bridge-head protons appeared as two sets of multiplets 
centred around 3.06 (1H) and 3,626 (1H), respectively. 

The; uxo-proton in H appe ared as cle an doublet at 3 . 4 56 (IH) 
(J^ 2 = 2-5 cps). It is pertinent to observe that this 



Sch«m <2 II. 9 


119 



X a, 












NMR spectrum (SOM Hz) of the endo- 
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doublet has not been further split into multiplets, in 
contrast to the case of the isomeric acid A down-field 

shift of H 2 -proton in\^ as compared to its exo-isomer, 

2J_, is in agreement with the reported observation concern- 
ing the chemical shifts of endo protons in similar sys — 

(2 5 ' 

tents. The ortho protons of the phenoxy group appeared 
< 11 . u l.riplet at 6,30 6 (2H) , each being further split into 
(Irjult It.! Lu ( '•' p ^ ;j I 6 '-P®* Jp 3 t = 2 cps). The olefinic 
pi’olans antj the other aromatic protons appeared as two 
!jt,!l.!’i of multiplcits around 6.866 (3H) and 7.3a6(7H), 
ruspoctivuly. The broad signal centred around 9.95 6 (IH),' 
which disappeared on D 2 O shaking, has been assigned to the 
carboxylic acid proton. 

The mass spectrum of 2_2 (Fig. 11.6) has been found 
to be quite similar to that of the isomeric acid 2 1 , as 
would bo expected from their structural similarities. 

(J n treatment with di azomethane , the endo -acid, 2 2 
gave a 43% yield of the methyl 6-(1-phenoxy-1-phenyl- 
methyle ne ) blcyclo[2 .2.2] oc t-2-ene-5-endo-c arboxylate ( 25 ) , 
which showed a characteristic singlet at 3 .386 (3H) in its 
nmr spectrum due to the ester methoxy protons. 

Analytical results have shown that the lactone 2 ^, 

is isomeric with the starting dibenzDylalkeneM. The ir 

’ _ 1 
spectrum of 23 showed a strong c arb onyl pe ak at 1 771 cm , 

indicating the presence of a p, Y-unsaturated butenolide. 
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T liL nrpi speetrum of ^ (Fig. 11.7) showed several 
rnultiplets centred around 1 .256 (4H), 3.986 (2H), 6.216 (SH) 
and 7,356 ( 1 0H). Of these, the multiplet at 1 .256 has been 
assigned to the methylene protons, whereas, the ones at 
3.9 86 and 6.216 have been assigned to the bridge-head and 
vinylic protons, respectively. The complex multiplet' at 
f,356 has been assigned to the aromatic protons . 

The mass spectrum of 2^ (Fig.^ 1 1 . 8) showed a mole- 
culi:r ion peak iit rn/e 314 (1). Other peaks in the spectrum 
of' ^ wore observed at m/e 270(3), 257(1), 237(34), 

209(1 00 ), 1 81(1 ), 1 80(2) , 179( 1 ) , 1 78( 1 ) , 1 66(2), 1 65(4), 
153(9), 1 52( 1 6) , 140( 1 ) , 105(11), 94(2), 93(2), 77(26), 
65(8), 57(5), 51.i(3) and 51(4). Some of the possible 
fragmentation modes are shown in Scheme 11.10. The facile 
elimination of a group from the molecular ion, for 

example, will give rise to the fragment _^a at m/e 237. 
Subsequent loss of an ethylene moiety from _^a will lead 
to the I'ragment 2 3 c at m/s 209, which has been observed 
as the highest intensity peak in the spectrum. A direct 
loss of ii CQ^ fragment from the molecular ion, on the 
other hand , will lead t o the fragment 2^b at m/e 270. 
Further fragmentation modes of the ions are shown in 
5c tie mu 1 1 . 1 0 . 

The formation of products like ^ and in 

the photolysis of 20 , can be rationalized in terms of the 
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pathway shown in Scheme 11.11. In this scheme, we assume. 

the initial step in the reaction is a n-7t* excitation 
uf one of the carbonyl groups present in the starting 
d ib e nz oy 1 al ke nc3 2^0, leading to the formation of the 
diradical intermediate 2 6 , This intermediate can subse- 
quently interact with the ini-system of an adjacent aromatic 
ring loading to the cyclic intermediate which in turn 

is t r un s f o rniB d to the ketene derivative? 2_B, through a 

pijiliway analogous to the transformation of dibenzoyle thy- 
2~4 

lunus. The ketene intermediate, can subsequently 

react with water to give the mixture of carboxylic acids, 

2 1 and 2 2 » respectively. The higher yield of the exo- 
carboxylic acid, 2J_ in this reaction as compared to the 
endo-isomor can be understood in terms of its ease of 

formation, on steric grounds. 

The involvement of the ketene intermediate, in the 

transformation of has been substantiated by carrying 

out ihu photolysis of ^ in methanol medium, which resulted 
in the formation of two isomeric methyl esters, and 
2 5 . respectively. It might be pointed out in this connec- 
tion that the same esters were obtained on treatment of 
the acids, ^ and 2^ with diazomethane (Scheme 11.11). 

An altBrnative mode of transformation of the 
diradical intermediate ^ is through p at h ' b shown in 
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ochf-niL 11*11, As per this scheme, the diradical 26 can 
inter act with the jt-system of the ad j acent c arbonyl group 
to give the inbermediate which can subsequently 

rearrange to the lactone The fact that the lactone, 

2^ is observed in the p hoto-tr ansf or mation of a rigid 
c is-d ibo n zoy 1 alkc ne system, like 20 would indicate that 
thin is ca fenoiblD pathway for the transformation of 
d ib u n zny J u t hy lo ne s , in which the cis-trans isomerization 
mode is prevantod. 


I I • 3 * 3 E ■ b t ransfoii^mation of 6. 7-Dibenzovltric vclo - 
[3.2.2 .r j ^>'^]nona-6. B-diene 


The photochemical transformation of tricyclo- 
[3 . 2 . 2 . 0^ ' nona~6 , B-die ne has been reported to give 

rise to d ihydrosemibullv alene (21) > when the irradiation 

is carried out in the presence of a sensitizer like 

2 6 ' ' 

acetone (Scheme 11.12). However, in the photolysis of 

2 4 T 

tricyclo[3.2,2.D * ] nona-6 , 8-diene derivatives like 32., 
hoviny substituents like carboxylic and ester groups, a 
[ 'ji; s + Tr s] mode of addition, leading to the format ion of 
the corresponding quadricyclane deriv otives ( 3_5 ) , has been 
cibserved,, It has been shown, that- -thes.e^ qu;adricyc;lane,,^'■ 
derivativ88; are 'readily'-' transformed .to ring-ope'ned .-■products 
(.3^6)-' i n.' 'pre sbnee of .prot.ic solve'..nts . ■ -It .is i'H'tere sting- 
to note that in the photolysis of 3^, none of the semibull- 
vale no derivative, 3 4 could be obtained. Also, products 



130 


Scheme 11.12 
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Ij-ku ii,, resulting from a [it^s + 'jx^s] type of addition 
nt 3^., hove not been observed, inspite of the stereo- 
chemically favourable exo-arrangement of the three- 
mumbered ring vis-a-vis the substituted double bond 
(Scheme 11.13).^^ 

In the pi'esent investigation, we have examined the 
phoiolynis of 6 , 7-d ibe n2Dyltricyclo[3 . 2 .2 . 0^ ’ nona-6 , B- 
fliunu ( 3 7 ^ ) , Irradiation of 3 7 in benzene for 2y2 hr 
rusulind in the formation of a lactone, 4£ in a 33 % yield 
( Sc heme 1 1 . 1 4 ) . 

Analytical results have shown that the lactone 40 

is isorneric with the starting dibenzoylalkene derivative, 

3 7 . TIid ir spectrum of j4£ showed a carbonyl band at 
- 1 

1 770 cm j characteristic of Y-uns atur ated lactones. 

T ho uv spectrum of _40 showed several absorption maxima at 
230 nin (£, 5,000), 242 nm (e, 3, 500) and 260 nm ( e, 2,500). 
It might be pointed out in this connection that the uv 
Spectrum of 4,0 shows remarkable similarity to the spectrum 
of the lactonn 2_3, obtained in the photolysis of ^ 

(b iy. 11.9) . 

T ho nmr spectr um of (F ig. 11.10) showed the 
pi'csuncu of two cyclopropyl methylene protons and two 
Cyclnpropyl rnethine protons at 0.666 (2H) and 1.406 (2H), 
ruspuctivoly. The multiplets around 3.B56 (2H), 5. 826 p 
( 2H), and 7.256 ( lOH) have been assigned to t h e br idge- he ad , 
vinyl ic and ar ornat ie p ro to ns , r espec tiv el y . 
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The mass spectrum of 40 (Fig. Il.n) did not show 
the molecular ion peak at m/e 326. However, the most 
intense peak in the spectrum was observed at m/e 249(100). 
Other peaks in the spectrum were observed at m/e 234( 1 ), 
232(1), 231(4), 221 (5) , 209(35) , 205(3), 204(2), 203(5), 
202( 3 ), 1 93(2), 192(1), 1 91(3), 190(2), 1 89(2) , 1 78( 5) , 
165(6), 1 53(3), 1 52(7), 1 43(3), 1 27(2), 1 1 5( 1 3 ) , 1 05( 76) , 
94( 5), 91 ( 7), 77(37), 65(9) and 51(7). Some of the 
probable fragmentation modes are shown in Scheme 11.15. 


The ready lows of a phenyl group from the molecular ion 
4jJ, to give the stable fragment ^a, at m/e 249 would 
perhaps explain f'or the absence of the molecular ion peak 
in the spectrum of 40 . The fragment 40^a can lose a CO 
fragment to give the ion 40 b at m/e 221, whereas the loss 
of a fragment from 40 a will result in the fragment 

,^g at m/e 209. The loss of CO 2 from _^a, will le ad to 
the fragment 4J3i at m/e 205, whereas, CG^ loss from 40q 
will give rise to the fragment 4^h at rn/e 165. Other 
possible fragmentation modes are shown in Scheme 11.15. 


II. 3 ,4 P hoto- t ransformat io n of 7-Dxa-2. 3-dibenzovlbicvclo 


2.2.1 Jhepta-2 .5 -diene 


Photochemical transformations of ox anorbornadiene 
derivatives have been reported to give diff erent product s, 
depending on the nature of the substituents present in the 





Scheme II. 15 
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starting material. Thus, it has been observed that the 
photolysis of the ox anorbornadienes , Ha-f, for example, 
lead to the corresponding ox aquadricycl anes , 4 3 a-f . ^ ^ 
Prinzbach and coworkers ^ have observed that the 
ox aqu ad ric yc 1 anes , 43 d-f undergo f-urther transformation 
tt.) tjivu t D Corresponding oxepine derivatives, 44 d— f . A 
second possible pathway for the photo-transformation of 

0 X a- no rbor n adi onfj s is through a di-jc-methane rearrangement, 
luadiriy to the I'ormation of fulvene derivatives. Thus, 

it has been ol'isurvcd that the photolysis of the oxa— 

nurbornad ianes , £J.a-c , give rise to the corresponding 

6 -hydroxy f ulvu nas , .46a--c ( Scheme 1 1 . 1 6 ) , It is known 

thut ox a- qu uidric], ane s are isomerized to the corresponding 

hydroxyf ulvencs under Ag or Cu-ion cat alys is Quite 

35 , 

rucuntlyv Bansal et al. have reported similar isomeriza- 
tion of ox a-quadricyclanes to oxepina derivatives and 
hydroxyf ulvo nes through iodine-catalyzed reactions. 

In the present investigation, we have examined the 
photochemical transformation of an ox a- norbornadiene 
system, like 7-ax a-2 , 3-.dibenzoylbicyclo[2 .2 . 1 ] hept a- 
2 , S-diene ( 4X) . Irradiation of 47 in benzene, using a 
2539 A light source, for 2/2 hr gave a mixture of 
products consisting of dibenzoylacetylene (135^) and a 
product, tentatively identified as 1,5-dibenzoyl-5-fGrmyl- 

1 , 3 -cyclop ent adiene (XQ.) ( 32?4) ( Sc heme 11.17). 



Schemgn.16 



a) r’« r\ COxCHsiR®* H ^ d) r‘« R^« * H i R = CgHg 

b> R'#R®* €026^3 iR®« Rt CH e) r's R^a R'^= CeHs 

c) R*s C02'CH^'»R^*' 'H'^'R^CH(d(^Hg;)2 R eR^» R -S'R'a'R,, - 


Scherng 11.17 





The ninr spectrum of 5Q (Fig. 11.12) showed a sharp 
singlet at 9.756 ( 1 H), which is attributed to the formyl 
proton. The aromatic protons and the olefinic protons 
appeared as a complex multiplet around 7.63 6 (1 3H). 

The masB spectrum of ^ (Fig. 11.13) showed a low- 
intn ruiity molecular ion peak at m/e 302( 8). Other peaks 
in Urn spectrum were observed at m/e 274(1 ), 273(1 ), 

2'3!)(1), 22 5(2), 223( 2 ), 1 97(3 ), 1 78( 1 ), 1 69( 2 ), 1 47(2 ), 
139(V), 1rlS(t6), 83(B), 78(100), 77(32), 62 ( 1 6 ) , 52 ( 2 5) 
and !) 1 ( 3 2 ) . Some of the possible fragmentation modes 
are shown in Scheme 11,18. Elimination of CO from the 
molocular ion, for example, will lead to the fragment 
.bn u at m/e 274, which in turn can lose a CgH^ group to 
give the fragment ^b at m/e 197. Further loss of CO 
from will result in the fragment 50c , at m/e 169. 

The highest intensity peak in the mass spectrum of 50 
has been found at m/e TB, assigned to the benzene ion 
50d . Further fragmentation modes are shown in Scheme II. 18 

The formation of the eyclopentadiene derivative, 

50 in the photolysis of 47 c an be rationalized in terms 
of the pathway shown in Scheme 11.17. The initial step 
in the p hotore action is assumed to be the formation of a 
diradical intermediate 4_B, the expected intermediate in , 
a di-n-methane type of re arrangement . Subsequent 
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tr anaf ormat ion of would lead to the formation of 50 . 
through a secnnU diradical intermediate, 4£. Mention may 
bo madti in thrs connection that a cyclopent adiene deriva— 
t iv e like o_0 , is capable of under go ing [1,5]-sigmatropic 
rearrangements leading to isomeric products. Further 
confirmation oF the structure of 50 and its possible 
iut.Hiiur Izratianu are still to be investigated. 

The formation of dibenzoylacetylene in the photo- 
lysis of on the other hand, may be rationalized in 

terms of the oxaguadricyclane intermediate (^) , which 
can s uboe quo ntly fragment to the intermediate 5_2. Further 
f r aQ(nu nt at io n of 5_2 will lead to dibenzoylacetylene as 
shown in be hu mu 11.17. 

I 1 . 3 . 5 P hot o-tr ansformat ion of 9 . 1 0-D ihvdr o- 11 . 1 2-d i- 
benzovl-g . 1 0-ethe no anthr acene 

The photochemistry of barrelene derivatives has 
buon extensively investigated by different group of 
workers. Thus, it has been observed that barrelene 
derivatives undergo a di-Tc-methane rearrangement to give 

'3'6 ■ 

somibullvalene derivatives, Benzobarrelene has been 

reported to give rise to 5 cyclooct atetraene derivative, on 

direct irradiation, whereas under the influence of sensitizers, 

37 

banzosemibullvalona is formed. On the basis of detailed 
investigations of deuterated benzobarrelBne derivatives. 
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it has baen shown that the di-Ti-meth ane rearrangement in 
these systems takes place through a vinyl-vinyl bridging 
process and no c through benzo-vinyl bridging. The photo- 
chemistry of several substituted dibenzob arrelene systems 
has beeri studied by Ciganek who has shown that in all 
thcae cases, dihenzosemibullvalenes are formed.^® 
decently, Bender and coworkers^^ have examined the effect 
of polar substituent’:-’ in the di-ift- me thane rearrangement 
of scjinu bo 1 1 zub nrr ele ne derivatives like ^ and ^ (Scheme 
It. 1b). They liave observed that the photo-transformation 
of 5_3» for axain|)le, leads to the formation of the 
be nzosernibullv alone , 54;, which in turn undergoes a further 
p hoto-ro arrangement to give the isomeric be nzosemibull- 
valeno, 5^, The direct photolysis of on the other 

hand, gave rise to a mixture of products consisting of 
two isomeric b enzosemibullvalenes , § 1 _ and and a 

benzocyclooctatetraene derivative, In presence of a 

sensitizer, only ^ and ^ were formed in the photolysis 
of (Scheme 11.19). 

In our pi.'usent studies, we have examined the photo- 
cheniical transformation of a dibenzoyl substituted dibenzo- 
barrulone derivative like 9 , 1 D-dihydro- 11 , 12 -dibenzoyl- 
9 , 1 Q -- 0 1 ho no ant hr acen B (,^) . Photolysis of 6 ^ in benzene 
solution for 4 hr gave a, 88% yield of a product, identified 

as 1 ,2-dibenzoyldibenzotricyclo[3.3,0.0^’ ®]octadiene (13) 



Scheme 11.19 
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(Scheme 11.20). The structure of ^ .was determined on 
the basis of an slyt ic al r es ults and spectral data. 
Analytical data showed that the product is isomeric 
with the starting material The nmr spectrum of 6 3 

(Fig. 11.14) shovT/ed two sharp singj^ets at 4.246 (1H) and 
4.646 ( 1H) and a complex multiplet centred around 7.266 
(18H). Of these, the singlet at 4.246 has been assigned 
to the tertiary proton of the cyclopropyl ring in in 

analogy to the chemical shift values for similar protons 
in related systems . ^ The signal at 4.646 has been 

assigned to the tertiary proton attached to the five- 
membered ring systems. The multiplet at 7.266 has been 
assigned to the aromatic protons. 

The mass spectrum of (Fig. II. 15) showed a 
molecular ion peak at m/e 412 (62). Other peaks in the 
spectrum were observed at m/e 307(55), 279(60), 278(30), 

■ ■ ■ f 

277(13), 272(/2), 229(16), 202 ( 36 ) , 2 0l ( 1 0 ) , 200(13), 

■/ 

1 77(3 ), 1 76(2), 175 ( 1 ), 1 52(2), 1 46 ( 3 ) , 1 05 ( 1 00 ) , 78( 55 ) , 
77(45), 76(15), 75 ( 4 ) , 74 ( 9 ) , 52 ( 29 ) and 51(30). Some 
of the possible fragmentation modes are shown in Scheme 
11.21. The loss of a benzoyl group from the molecular 
ion, for example, will give rise to the fragment 63a 
at m/e 307. Further loss of a CO group f rom 63 a will 
lead to the f ragment ^b at m/e 279 , whereas the loss 
of a phenyl group from _6^a will lead to the fragment 63d 








%j»,? ’'<''i\.';i?K 
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spectrum of 1,'2-dibenzoyldibenzotricyclo[3.3.0.0 ’ Joctadiene(^) 







Scheme II. 21 
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at m/e 229. The highest intensity peak in the- spectrum 
was observed at m/e 105 due to a benzoyl ion. 

The formation of the se mibullv ale ne derivative 
from can be easily understood in terms of a d i-is- 
methane r e arr angeme nt j as is shown in Scheme 11.20. It is 
pertinent to observe that the c is-dibenzoy lal kene moiety 
present in _60 does not undergo a p hoto -rearrangement 
analogous to the one observed in the case 
of dibenzoyl ethylenes (Scheme II. 5) or 2,3-dibenzoyl- 
b ic yclo[2 . 2 . 2 j oc t a-2 , 5-d ie ne (^) (Scheme 11.11). It 
appears that the di-Tt-met hane mode of transformation of 
60 is a more facile process, as compared to the other 
rearrangement mode. 

11.4 EXPERIiCI\iT AL 

All melting points are uncorrected and were deter- 
mined on a Mel-Ternp , melting point apparatus. The ir 
spectra were recorded on P erk in-Elmer , [''lodel 137 and 
Model 521 Infrared Spectrometers. The electronic spectra 
were recorded on a Beckman DB Spectrophotometer. Nmr 
traces were recorded on a varian A-6Q Nmr Spectrometer, 
using tetramethyl-silane as internal standard. The mass 
spectra were recorded on a Varian Mat CH 7 Mass Spectrometer 
at 70 eV. All the irradiation experiments were carried 
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s 1 5QW Sriniv as an-Gr iff in-R ayo net P hoto- 
chemical Reactor (3500 A) or by using a Hanovia 450W, 
medium pressure mercury lamp in a quartz- j acketed 
immersion well. 

1 1 . 4 . 1 Start i ng Haterials 

2 , 3 -D ib e nzoylb icy c lo [2 . 2 . 1 J he pt a-2 , 5-d ie ne (J_6) s 

2 . 3 - d ibenzoylb ic yc lo [2 . 2 . 2 ] oc t a-2 , 5-d iene (^) , 6,7-di- 

benzoyl tr ic yc lo [3 . 2 . 2 . 0“' ' ^ J no na-6 , 8-d iene (^) , 7-oxa- 

2 . 3- dib B nzoyli-j icycl o[2 . 2 . 1 ] hep t a-2 , 5- diene (^7,) 

9 , 1 Q-d ihydr 0 - 1 1 , 1 2-dib e nzoyl-9 , 1 0-et heno an t hr acene ( 60 ) 

4 1 

were prepared by reported procedures. Dry benzene and 

absolute methanol were used for photolysis experiments. 

0 

Petroleum ether used was the fraction, bp 60-80 . 

1 1 . 4 . 2 Photolysis of 2 . 3 -D ib e nzo vlb ic yc lo [2 . 2 . 1 I hept a - 
2 . 5 -d is ne ( 18 ) 

A solution of 2 , 3- dib enzoylb ic yc lo [2 . 2 . 1 ] hept a- 
2 , 5-diene ( 500 rag , 1 . 67 mmol) in benzene (160 ml) was 

irradiated in a 1 50W-5riniv as an-Griff in-R ayonet Photo- 
chemical Re actor for 1 hr . The solvent was removed 
under vacuum and the residue was recrystallized from a 
mixture ( 2 : 1 ) of pet roleum ether and benzene to give 

450 mg (90%) of white, needle-shaped crystals of 

2 6 3 5 

2 . 3 - dibe nzoylqu adricycl o [2 . 2 . 1 . 0 ’ .0 ’ ] hept ane (19) , 

mp 151-1 52° . 



Anal . C ale d for 84.0; H, 5.33; 

Mol. wt., 3 OD. Found; C, 83.83 ; H, 5.70; Mol. wt . , 300 
(Miass spectromstry) , 


Ir spectrum (KBr) v : 3065 cm (v _ ), 2935 

max C-H 

and 2865 cm ' asymmetric and symmetric), 1 660 cm' 

C =0 ^ ' 

UV spectrum (Ethanol) * 243, nm (e, 24,550),. 

280 (4,000). 


1 1 . 4 . 3 Photolysis of 2 . 3-D ib e nzovl b ic yc lof 2 . 2 . 2] oc t a - 
2 . 5-d iene (^, ) 

A solution of 2 , 3-dibenzo ylb ic yclo[ 2 . 2. 2] oc ta-2, 5- 
diene (575 mg, 2.46 mmol) in benzene (210 ml) was photo- 
lyr:ed for 372 hr, under a 450W Hanovia medium pressure 
mercury lamp, provided with a pyrex filter. The photo- 
lysis was repeated several times to photolyse 2.3 g (0.01 
mol) of Removal of the solvent from the photolysed 

mixture gave a residual solid, which was chromatographed 
over silica-gel. Elution of the c olumn wit h pet role urn 
ether g av e 1 00 mg of biphenyl, mp 69 -70 ° ( mixture mp ). 

Further elution with a mixture (50;1) of petroleum 
ether and benzene gave 350 mg (23%) of the 1 act one .23. 
mp 1 39-140°, after recrystallization from a m ixt ure ( 5 : 1 ) 
of petroleum ether and benzene. 
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Anal. Calcd for C22H^g02: 84.07; H, 5.73; 

Mol. wt., 314. Found; C, 84,35; H, 5.65; Mol. wt . , 31 4 
(Mass spectrometry). 

Ir spectrum (KBr) v : 3045, 29 55 and 2945 cm 

max 

1 

(Vq |_|) , 2925 and 2865 cm~ symmetric), 

1771 cm"\ ^666 and 1 596 cm"’’ Nq^^). 


Uv spectrum (Ethanol) ^ ; 224 nm (e, 5,500), 

max 

240 (4,400) and 260 (2,500). 


Further elution of the column with a mixture ( 20 ; 1 ) 
of petroleum ether and benzene gave 800 mg (357o) of the 
starting m at erial ( 2_0 ) , mp 153° (mixture mp ) , after 
recrystallization from a mixture (2;1) of petroleum ether 
and benzene. 


Continued elution of the column with a mixture 
(1;1) of petroleum ether and benzene gave 400 mg (26%) of 
6 _ ( 1 _p he noxy -1 -p he nylmet hyle ne )bicyclo[ 2 . 2 . 2 ]oct- 2 -ene- 
5-exo-carboxylic acid (,.^) , mp 293 °, after crystallization 
from a m ixtu re ( 2 ; 1 ) of petroleum ether and benzene. 

Anal . Calcd for C 22 H 2 QO 3 * 79 . 50 ; ,H , 6 . 02 ; 

Mol. wt. , 3 32 . Found: C, 79.71 ; H, 5 . 63 ; Hoi. wt. , 3 32 

(Mass spectrometry). 

I r s p ectrum ( KB r ) v : 303 5 , 2 93 5 an d 2 89 5 om 

~ ' 'Tn 3X , ■ 

A 

(v ,,), 2945 and 2845 cm" (V ru . asy mme trie and symme tric ) , 

: 'mU-H ■■ ■: .. , ^^2 

1710 cm"’’ (V , 1 650, 1 600 and 1590 cm"^ ('’c=c) • 



Uv spectrum (Ethanol) X ; 229 nrn (e , 12,000) and 

max ’ 

260 (14,500). 

Subsequent elution of the column with a mixture 
(1:2) of petroleum ether and benzene gave 100 mg (6%) of 
6-( 1 -p henoxy 1 - p henylmet hyle ne ) bicyc lo[ 2 , 2 . 2 ]qc t-2-e ne- 
5-endo-c arboxylic acid (^) , mp 269°, after recrystal- 
lization from a mixture (2:1) of petroleum ether and 
benzene. 


An al . Calcd for '-22'^20^3 * ’ 79.50; H, 6.02; 

Mol. wt., 332 . Found: C, 79.45; H, 6.10; Mol. wt . , 332 
(Mass spectrometry). 


Ir spectrum (KBr) v ; 3045, 2977, 29 1 5 and 2885 

max 

— 1 — 1 

cm (Vj- ^ ), 29 3 5 and 283 5 cm” > asymmetric- and 

- 1 ^ — 1 

symmetric), 1715 cm 1 668, 1600 and 1 590 cm 

‘'’c=c'' 


Uv spectrum (Ethanol) 226 nm (e , 13,200 ) and 


2 60 ( 1 1 , 000 ) . 


I 1 . 4 . 4 E ster if i c at ion of 6-( 1 -P he nox y-l -p he nylmet hvlene ) 
bicyclo 2.’2.2 . oc t-2-ene-5-exo-c arboxylic acid (21) 


Through an ice-cold solution of 2_l (99 mg, 0.3 
mmol) in ether (25 ml), diazomsthane was passed till the 
mixture became distinctly yellow in colour. The mixture 
was kept at 0° for 3 hr and later the solvent was removed 



under vacuum to give a residual solid. R sc ry stall izat ion 
of this product from a mixture ( 9 : 1 ) of petroleum ether 
and benzene gave 60 mg (57%) of methyl-6-(1-phenoxy-1- 
p hen ylmet hyle ne ) b ic ycl o[ 2 . 2 . 2 ] DC t- 2 -ene- 5-exo -c arboxyl ate 
(24) , mp 1 31 ° . 


Anal . Oalcd for C2^H2203: C, 79.76; H, 6.41. 


Found; C, 80.05; H, 6.36. 

Ir spectrum (KBr) v 


-1 / 
cm (v 


: 3080 cm (v^. ,,) and 1750 
max C-H 


C=0^ ‘ 


Nmr spectrum (CDQl^) ; 1.516 (m, 2H, CH 2 ), 1.686 
( m, 2 H 5 CH 2 ), 2.926 (m, 1H, bridge-head proton), 3.316 
(m, 1 H, tertiary endo-proton, attached to the carbon 

atom bearing the carbomethoxy group), 3.436 (s, 3H, OCH 3 ), 
3.50 6 (m, 1 H, bridge-head proton) and 6.80 6 ( complex 

multiplet, 12H, vinylic and aromatic protons). 


II. 4. 5 


Ester if ic at io h 


b ic yclo I 2 . 2.2 


of 6 -( 1 -Phenoxv- 1 -phenvlmethvlene) - 
QC t- 2 -e ne - 5 -e ndo -c arboxyl ic ac id ( ) 


Through a solution of (66 mg, 0.2 mmol) in ether 

( 20 ml) , d iazomethane was passed till the solution became 
yellow in colour. The reaction mixture was kept at 0 ° 
for 3 hr. Removal of the solvent under vacuum and 
recrystallization of the residue from a mixture (9:1) of 
petroleum ether and benzene gave 30 mg (43%) of the 
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methyl 6-(1-phenoxy-1 -p henylmet hyls ne ) b icyclo[ 2 . 2 . 2] oc t- 
2-ene-5-endo-c arboxylate (2_5) , mp 125°. 

Ir spectrum (KBr) and 1760 

cm-l ('>C.0>' 

Nmr spectrum (CDCl^): 1.396 (n't, 2H, CH^), 1.6-3 6 
(m, 2Hj CH 2 ), 2.926 (m, 1H, bridge-head proton), 3.386 
(s, 3H, QCH^), 3.476 (d, 1H, tertiary exo-proton attached 

to the carbon atom bearing the carbomethoxy group), 

3.626 (m, 1H, bridge-head proton) and 6.836 (m, 12H, 
aromatic and vinylic protons.). 

11.4.6 Photol ys is of 2 . 3-D ib enzo vlb ic yclo f 2 . 2' . 2 loc t a — 

2 ■ 5 -d iene ( 2 ^ ) in Methanol 

A solution of 20 (250 mg, 0.75 mmol) in absolute 
methanol (160 ml) was photolysed in a 5r iniv as an-Griff in- 
Rayonet Photochemical Reactor for 5 hr. In several repeat 
runs, a total of 750 mg of 2 0 was photolyssd and the 
combined mixture was worked up by c hromatogr aphing over ^ 
neutral alumina column. 

Elution of the column with petroleum ether gave 
300 mg (69%) of methyl 6-( 1 -phenoKy-T-phenylmethylene) 

bicyclo[2.;2.2]oct-2-Bne-5-exo-c arboxylate (^) , mp 130° 
(mixture rnp), after recrystallization from a m ixture ( 9 : 1 ) 
of petroleum ether and benzene. 



F ur ther el ut ian of the column with petroleum ether 
gave 5 mg (1%) of methyl 6-(1-phenoxy-1-phenylmethylene)- 
bicyclo [2 . 2 . 2 J oc t-2-e ne-5-endo -c arboxyl ate (^) , mp 125° 
(mixture nip), after recrystallization from a mixture (9:1) 
of petroleum ether and benzene. 

Subsequent elution of the column with a mixture 
(10:1) of petroleum ether and benzene gave 350 mg (47%) 
of the unchanged starting material (2^), mp 153° 

( mixture mp ) , 

1 1. 4. 7 Photolysis of 6 . 7-D ibe nzovl t r ic yclo [3 .2 . 2 . 0^ * ^ ]- 
nona-6 . 8-die ne ( 37, ) 

A solution of 3_7 ( 652 mg, 2 mmol) in benzene 
(210 ml) was irradiated for 2^2 hr, using a 450W Hanovia 
medium pressure mercury lamp fitted with a pyrex filter 
and under nitrogen atmosphere. The procedure was repeated 
five times to photolyse a total amount of 3.26 g (10 mmol) 
of _3_7. Removal of the solvent from the combined photo- 
lyzed mixture gave a residue which was chromatographed 
over silica-gel. Elution of t he column with a mixture 
(19:1) of petroleum ether and benzene gave 480 mg (33%) 
of white crystals of the lactone, _4D, mp 120°, .after 
recrystallization from a mixture (8:1) of petroleum 


ether and benzene. 
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Anal. Calcd for C. 84.66 ; H. 5.52; 

J f d 

Found: C , 85 . 1 Q ; H, 5.41. 

Ir spectrum (KBr) v : 3045, 2980, 2970, 2905 

max ’ 

-1 -1 -1 

and 2880 cm (v^ j_j) , 1770 cm ('’Q_g) 3'^'^ 1040 cm 

(vqh^, wagging). 

Uv spectrum (Ethanol) 230 nm (e, 5, 000), 

242 (3,500) and 260 (2,500) . 

Further elution of the column with benzene gave 

1.8 g (55%) of the starting material, (^7_), mp 133° (mixture 
mp), after recrystallization from a mixture (3:1) of 
petroleum ether and benzene. 

1 1 . 4 . 8 Photolysis of 7-0 x a-2 . 3-dib e nzovlb ic vclor2 . 2 . 1 ] - 
hepta-2. 5-diene ( 47 ) 

A solution of AJ_ ( 500 mg, 1.6 mmol) in benzene 
(250 ml) was irradiated by using 450W Hanovia medium 
pressure mercury lamp, for 2y2 hr, under nitrogen atmos- 
phere. The procedure was repeated several times to 
photolyse a total amount of 2.5 g of the starting material. 
Removal of the solvent from the combined photolysates gave 
a product which was chromatographed over silica-gel. 

Elution with petraleum ether gave 50 mg of biphenyl, 
mp 69-70° (mixture mp). Continued elution with a mixture 
(20;1) of petroleum ether and benzene gave 250 mg (13')^) 
of d ibe nzoyl ac style ne, mp 110-111° (mixture mp ) . 



Further elution with a mixture (1:1) of petroleum 
ether and benzene gave 800 mg (32%) of 1,5-dibenzoyl- 
5-f ormyl-1 , 3«cyclopent adiene , (^) , mp 172°d, after 
recrystallization from a mixture (5:1) of cyclohexane 
and benzene. 

Ana l , Calcd for C, 79.47 ; H, 4.63| 

Mol. wt., 302. Found: C, 79.66 ; H, 4.45; Mol. wt . , 302 
(Mass spec trornetry ) , 

_ 1 

Ir spectrum (KBr) v • 3120 and 2870 cm (v p y) , 

^ max d-H 

1 675 cm"^ ^’^C=C^- 

Uv spectrum (Ethanol) x • 244 nm (£, 16,000), 

m ax 

268 (19,000), 296 (19,500) and 360 (6,400). 

1 1 . 4 . 9 Photolysis of 9 . 1 O-Dihydro-1 1 . 1 2-d ibenzoyl - 
9 , 1 0-eth e no ant hrac ene ( 6oT 

A solution of ^ (400 mg, 1 mmol) in benzene (200 
ml) was irradiated by using a 450W Hanovia medium pressure 
mercury lamp for 4 hr, under nitrogen atmosphere. Removal 
of the solvent and recrystallization of the residue from 
a mixture (1:1) benzene and hexane gave 350 mg (88%) of 
white cryst als of 1 , 2-d ib e nzoy Id ibenzo tr ic yclo [ 3 . 3 . 0 , 0 ' ] 

octadiene (_^) , mp 183'' . 

Anal . Calcd for C^3QH2g02 : C , 87 . 3 8 ; H , 4 . 85 . 

Mol. wt. V 412 . Found : C , 87. 52 ; H, 5. 1 0 ; Mol. wt . , 412 
(Mass spectrometry). 
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Ir spectrum (KBr) 3065 , 30 15, and 2955 cm 

(vq |_|) , 1 675 and 1 665 cm ^'*0-0^' 1 59 5 and 1 580 cm 

^ '’C =C ^ ■ 

Uv spectrum (Ethanol) X : 230 nm (e , 25,000), 

m sx 

250 (29,500), 275 (7,600) and 324 (700). 
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CHAPTER III 


PREPARATION OF ENAMINE DI0NE5 BY THE 
ADDITION OF NUCLEOPHILES TO D IBENZOYL ACETYLENE 

III.1 ABSTRACT 

Several enamine diones have been prepared through 
the nucleophilic addition of different amines to dibenzoyl- 
acetylene (DBA). Thus, the reaction of aniline, piperidine, 
o-aminophenol and N-p henylben zyl amine with DBA- gave the 
corresponding 1 ; 1 - add uc ts n amely , 1 ,4-diphenyi-2-( N-phenyl- 

amino ) but-2-ene-1 , 4-dione ( 5) , 1 , 4-diphenyl-2-piperidinobut- 
2-ene-1 , 4-diDne (i6) , 2-(N~2-hydroxyphBnylamino)-1 ,4-diphenyl- 
b ut-2-ene-1 , 4-dione (7.) and 1,4-diphenyl-2-( N-phenylbenzyl- 
amino)but-2-ene-1, 4-dione (B) , Uv absorption data reveal 
that the adducts _5 and 7., formed from aniline and _o-aminophenol, 
respectively, are the E-isomers, arising through a trans-mode 



of addition, whereas the adducts _6 and _8»formed from 
piperidine and N-phenylbenzylamine are the Z- isomers, 
formed through a-cis-mode of addition. 

The reaction of W-p hen acyl aniline with DBA gave 
2 jS-dibenzoyl-l ,4-diphenylpyrrole ( J_l) , where as q-p henylene- 
diamine reacts with DBA tu give 2-(2-hydroxy-2-phenyletheno)- 
3 -p henylquinox al ine ( 2_2) . The quinoxaline derivative 22 . 
on treatment with bromine in carbon tetrachloride gave 
2 -br omop henacyl-3 -p henyl quinox al ine ( _^) , whereas, nickel 
peroxide oxidation of ^ leads to the formation of an 
oxidative dimer, namely, 1 , 4-diphenyl-2 , 3 -b is ( 3-p he nyl- 
quinox~2-yl) butane-1 ,4-diQnB (26). 

The reaction of 1 , 8-diaminonap ht halene with DBA gave 
a mixture of 2-benzoyl-2-phenacyl-2 ,3-dihydroperimidine 
(32) and 2-benzoylperimidine (.^) , whereas reaction of 
2 - am inopyr id ine with DBA gave a mixture of two 1;1 -adducts, 
2-(2-imino-1 ( 2 H ) pyr idyl ) -1 , 4-dip he nylbut-2-Bne-1 ,4-dione 
(34) and 1 , 4-d ip henyl-2- (i\l-2-pyr idyl amino ) but-2 - e ne-1 , 4- 
d ione (,3_5 ) . 

Electran-impact induced transformation of the adducts 
_6, 7, B_, and ^ revealed that the Z- isomers D, B and 

1 1 . undergo a si ightly d if f erent mode of fragment at ion as 
coropared to the E-isomers, _5, _7 and 3 5 . 
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III. 2 INTROnuCT lOM 

Several examples of nucleophilic addition to acetyle 

1 

nic ketones are reported in the literature. ' Nitrogen- 

containing nucleophiles like ammonia and amines, in general 

add to acetylenic ketones to give simple 1;1-adducts 

2-20 

consisting of a , p-unsaturated-jS-aminoketones . The 

reaction of a few primary and secondary amines with 

d iben zoyl acetyle ne (DBA), for example, has been studied 

by Du Pont, whp has shown that enarnine diones are formed 

17 

very readily in these cases. In a recent investigation, 

21 

Heine et al. have shown that diaziridines react with DBA 

at ambient temperatures to give the corresponding 2-(alkyli 

d e ne hydr azino ) -1 , 4-diphenyl-2-butene-1 ,4-diones, arising 

through a Michael type of addition reaction. In the 

reaction of 3 , 3 -pent ame thylened i azir idine (J.) , for example, 

the initially farmed adduct 2_, undergoes facile conversion 

to the enarnine adduct _3, which then gradually isomeirizes 

to the imine form _4 (Scheme III.1). No detailed study 

concerning the stereochemistry of amine additions to DBA 

has been reported in the literature. McMullen and 
1 6 

Stirling ha^e examined the reaction of some primary 
and secondary amines to few mono aryl ethyl enic ketones , 
and have observed that secondary amines give rise to 
enamines with E-configuration, whereas, the reaction of 
primary amines leads to an equilibrium mixture of adducts. 





consisting of E- and Z-isomers. Further, it has been 
observed that the ratio of Z- to E-isomers in these reac- 
tions depend on several factors like the nature of the 
amine and the solvent employed. 

The object of the present investigation has been 
to study the reaction of a few monofunctional and bifunc- 
tionc,l nitrogen-containing nucleophiles with DBA, with a 
view to using these reactions for the synthesis of different 
1 , 2 -d ibe n zoyl alke ns s and also to examine the stereochemistry 
of some of these addition reactions. In this connection, 
we have examined the reactions of aniline, piperidine, 
i\l-p honylbenzylamine , o.-aminophenol , N-phenacylanil ine , 
ci-p he nyle nediamine , 1 , 8-diaminonap ht halene and 2-aminopyri- 

d ine vj it h DB A . 

RESULT 5 AMD B I5C05SIQN 
1 1 1 . 3 . 1 Synthesis of En amine Diones 

The reaction of aniline and piperidine with DBA has 

been reported earlier to give the corresponding 1 ; 1-addition 

17 19 

products. ' In the present stu-dies, we have reinvesti- 

gated these reactions with a view to examining the stereo- 
chemistry of these additions and also the electron-impact 
induced transformation of the corresponding adducts. 

Treatment of a mixture of aniline with DBA in tetra- 
hyd rof ur an , f or ex ample , g ave a 89% y ie Id of a p r od uc t , 



Scheme III .2 



THF, reflux, 3 hr 



e(98%) 


95^5 

HgCeH^-N^^O 

8(81%) 



CgHj C6H5 
11 (787o) 
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identified as 1 , 4-d ip henyl-2- ( N-p he nyl amino ) but-2-e ne— 
1,4-dione (^) (Scheme III. 2). The nmr spectrum of _5 
(Fig, III.1) showed a singlet at 6.36 (1H), multiplets 
centred around 7.266 (5H), 7.76 (6H) and 8 . 1 2 6 ( 4H) and 
a bro ad s ingl et at 1 2 . 75 6 ■( 1 H ) . 0 f t hese , t he sh arp 
singlat at 6.3 6 is assigned to the olefinic proton, 
whereas the broad singlet at 12.756 which is exchangeable 
with D 2 Q is assigned to the NH proton. Of the three 
multiplets, the one at 7.266 is assigned to the phenyl 
protons of the aniline nucleus, as one would expect these 
proton's to appear at a higher field due to the electron- 
donating ability of the amine function. The multiplet 
at 8.12 6 is assigned to the ortho protons of the two 
benzoyl groups, whereas the multiplet at 7.7 6 is assigned 
to the remaining protons at the meta and para positions of 
the benzoyl groups. 

Similarly, the reaction of piperidine with DBA gave 
a 9 8% yield of 1 , 4-d ip henyl-2-p iperid inobut-2-e ne-1 , 4-dio ne 
(_^). The nmr spectrum of _6 (Fig. Ill, 2) showed signals at 
1.67 6(6H) and 3,356 (4H) for the methylene protons of 
the piperidine nucleus. Of these, the down-field signal 
at 3.356 is attributed to the methylene protons adjacent 
to the nitrogen atom, whereas, the signal at 1.67 6 is 
attributed to the remaining methylene protons. The 
olefinic proton appeared as a singlet at 6.13 6 and the 




PPM(S) 

NMR spectrum ( 60 MHz)ofl, 4 -diphenyl- 2 -(N-phenylannino)but- 2 -ene-l, 4 -ciione 




benzoyl protons appeared as two sets of multiplets at 
7.386 ( 6H)and7.9'16(4H),respectively. 

The reaction of a bifunctional nucleophile like 
_o- am inop he nol with DBA gave a 77/i yield of a 1:1 -adduct, 
identified as 2- ( N-Z- hydroxyp he nyl amino ) -1 , 4-dip he nylbut- 
2-ene-1 , 4-dione ( T) . The structure of _7 was confirmed on 
the basis of elemental analysis and spectral evidences. 

The nmr spectrum of 7, (Fig. III. 3) showed a singlet at 
5.82 6 (1 H) which is assigned to the vinylic proton. Two 
other singlets were observed at 6,456 (1H) and 12.886 (1 H), 
which were exchangeable with D 2 O and these are assigned to 
the OH and NH protons, respectively. The aromatic protons 
of the two benzoyl groups in J7 appeared as two multiplets 
at 7. 356 (6H) and 7.726 (4H), respectively, where as the 
phenyl protons of the amine nucleophile appeared as a 
multiplst at a higher field namely, 6.98 6 (4H). 

The reaction of a secondary amine like N-phenyl- 
benzylamine with DBA gave a Bl'yb yield of a 1:1 -adduct, 
ident if ied as 1,4-dip hsnyl-2-( iM-phe nylbenzyl amino ) but-2-ene 
1 , 4-dione (_8). The nmr spectrum of _8 (Fig. III. 4) showed 
a singlet at 4.77 6 ( 2H) , assigned to the methylene protons 
and a second singlet at 6.05 6 (1 H) assigned to the vinylic 
proton. The aromatic protons appeared as groups of 
mult iplets center ed around 7 . 1 8 6 (1QH), 7.426 (6H) and 

7.856 (4H), respectively. : 
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22 

Potts and Elliott have shown that the reaction of 

nucleophiles containing suitably positioned carbonyl function, 

with DBa could provide .a convenient route to synthesizing 

heterocyclic compounds. Thus, for example, the reaction of 

_o- am rno acetop he none (9.) with DBA gave 2, 3-d ibenzoyl-4-methyl — 

quinoline (1_Q,) (Scheme III. 3). We have examined the reaction 

of N-phenacylaniline with DBA with a view to studying the 

nature of products formed in this reaction. Refluxing of a 

mixture of N-phenacylaniline and DBA in THF, gave a 78% 

yield of a product identified as 2 , 3-dibenzoyl-1 , 4-diphenyl- 

pyrrole (jj.) . The structure of 1_1_ was confirmed on the 

basis of analytical results and spectral data. The nmr 

spectrum of 1_1_, for example, shdwed a multiplet around 1 . 36 , 

assigned to the aromatic protons. It might be pointed out 

in this connection that the reaction of N-phenacylaniline 

with dimethyl acetylenedic arboxyl ate (DMAD) is known to 

give an analogous pyrrole derivative namely, dimethyl 

23 

1 , 4-d ip he nylpyr role-2 , 3-dic arboxyl ate . 

The formation of 11 in this reaction is rationalized 
in tei'iiis o f t he ad d it ion o f l\i -p he n ac yl anil ine to DBA giving 
rise to an intermediate 12 a, vjhich can undergo cyclization 
leading to the pyrroline derivative 12 b . Loss of water ^ 
from the intermediate 1 2 b will result in the formation of 
the pyrrole derivative 1 1 ( Scheme 1 1 1 .4) . 
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Sc heme III . 3 



11 


12b 
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I 1 1 . 3 . 2 Stereochemistry of the Addition of •Amines to 
D ib e n z o vl ac e t yl ene 

Detailed studies of the stereochemistry of amine 

additions to acetylenic esters have been carried out by 

24-27 25-27 

several groups of workers. . Huisgen and coworkers 

have shown that in the case of primary amines, for example, 

enamine fumarates, which are thermodynamically more stable 

than the corresponding maleate isomers, are formed. Thus, 

in the reaction of aniline with dimethyl acetylenedic arboxy 

late, the exclusive formati-on of dimethyl anilinofumar ate 

has been observed. In the case of secondary amines, 

however, the addition leads to a mixture of enamine 

maleates and fumarates, depending upon several factors 

like the nature of the attacking nucleophile, the relative 

ease of isomerization of the products and also the nature 

of the solvent used for these reactions. 

No detailed study of the stereochemistry of the 

addition of amines to DBA is reported in the literature. 

16 

McMullen and Stirling have studied the addition of a 
few primary and secondary amines to monoaroyl acetylenic 
ketones and have shown that the tr ans-enamines ( 13) . 
arising through a cis'-mode of addition are f ormed in the 
case of SBcondary amines, whereas, in the case of primary 
amines , a mixture of bot h c is- and trans- add it ion product s 
are formed (Scheme III.5). 



Scheme III. 5 
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The reaction of an amine nucleophile with DBA would 

be expected to proceed through a resonance stabilized 

zwittsrionic intermediate, J_5, as shown in Scheme 

This intermediate in the absence of any external proton 

source, vjould undergo a stereospecific coll apse , re sul ting 

in an internal proton delivery and leading to the formation 

of a cis -disu bst itu te d alkene derivative, _1_6. However, in 

the presence of an external proton source one would expect 

the formation of the tr ans-disubstituted alkene derivative, 

17.- along with that of the cis-isomer. Huisgen and 
29 

Coworkers, in their studies on the addition of amines 
to acetylenic esters, have shov-jn that in several cases 
even the excess of attacking nucleophile can serve as the 
external proton source. In the case of primary amines, an 
additional factor would be the extra stability of the 
trans-isomer through intramolecular hydrogen-bonding of 
the proton attached to the nitrogen nucleophile. Thus, 
we find that in the addition reactions of aniline and 
_o-aminophenol with DBA, the products formed are predomi- 
nantly of the tr ans- geometry . However, in the case of 
secondary amines like piperidine and IM^p he nylb e nzyl amine , 
the addition is assumed to proceed through a cis-mode, 
resulting in the formation of the corresponding c is- 
dBrivatives. It might be pointed out in this connection 
that unlike in the cases of the enamine maleates and 



fumarates, formed from acetylenic esters, the stereo- 
chemistry of the amine addition products of DBA cannot be 
ascertained on the basis of the nmr chemical shifts of 
the vinylic protons. In the adducts, !_ and _8, that 

have been obtained in the present studies, the chemical 
shifts of the vinylic protons have been found to be in 
the range of 5.82 6 to 6.30 6 and no discern able difference 
has been 'o bserved between the chemical shifts of the vinylic 
protons of the c is-d ibe n zoylalkene adducts and the trans- 
d ibe n zoyl al kene adducts. However, our stereochemical 
assignments for these addition products find support from 
uv spectral studies. 

An examination of the electronic absorption data 

of a few enamine fumarates and maleates which are reported 

in the literature (Table III.1) reveals that the enamine 

maleates are characterized by a strong absorption band 

around 280 nm. In the case of enamine fumarates, however, 

this band is shifted to a longer wave length and is 

generally observed around 320 nm. A similar observation 

3 0 

has, been made by Omar and Basyouni, in the case of the 
thiol adducts of acetylenic ketones. These investigators 
have found that the E-isomers (3^), arising through a 
cis-mode of addition, exhibit longer wave absorption 
bands as compared to the Z- isomers (J^) , formed through 
a trans-modc of addition (Scheme I II. 7) . 
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T abl 3 1 1 1.1 


Uv Absorption Data of Some Enamine Furoarates 
and Male ate s 


• ompound 


X ( nm) 
max 


Refer- 


U c' 




CO2CH3 


H3CO 


CO2CH3 


H CV - DCH . 


0^' 


CO2CH3 
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1 3 . 800 


9,550 

12,300 


9,120 
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H3CO2C 


]\ Iv ^^ CQ2C H3 
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9, 800 


j'J 2 ^ ^3 




18,600 


(CH3)2W ^^03083 


i ^ N:o 


2 3 


23,440 


(C H ) N CO^CH., 

^ 2 5^2 Y 2 3 

H -^ C 02 CH 3 


21,000 26 



CO2 . CH3 


H CQ 2 CH 3 


20, 500 
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Scheme III. 7 



a) R = H 

b) R = Gl 


Z- isomer 
19 
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The uv absorption values of some of the enaraine 

diones that we have prepared in the present studies, are 

listed in Table III. 2. It is evident from Table III. 2 

that the adducts _5 and 7,, obtained from the reactions of 

aniline and ^-aminophenol, respectively with DBA, exhibit 

a b athoc hromic shift in the longer wavelength absorption 

band. In contrast, the adducts _6 and _8, obtained from 

the reoactions of piperidine and N-phenylbenzylamine with 

DBA, show the longer wavelength absorption band around 

345-350 nrn. It has been reported earlier that the adducts 

formed from the reactions of dimethylamine and N-methyl- 

aniline with DBA also show the presence of such an 

20 

absorption band around 345 nm (Table III. 2). 


Reactions of Bifun c tional Amine Nucleoj 
D i b 8 n z o yl acetylene 


ihiles with 


In continuation of our general interest in synthesiz- 
ing 1 ,2~dibenzoylalke nes through the addition of nucleophiles 
to DBA, we have examined the reactions of a few bifunctional 
nucleophiles like p henyle n ed iamine , 1 , 8— d iaminonap ht hale ne 

and 2-afninopyridine with DBA. 


The reaction of o.-phenylenediamine with DBA has 
' 31 

bee n investi gate d e arl ier by D rndr a and Le Gof f , who 

h ave shown that 2-benzayl-4-p henyl-( 1 H) 1 , 5-benzod iazepine 
(20) is formed as the major product (Scheme III. 8) . It 
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uv Absorption Data of Some Enamine Dianas 
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ref . 20. 
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might je mentioned in this cannection that the reaction of 
o^-^p henyl ened iamine with dimethyl acetylenedicarboxylate is 
reporteo to give a quinoxaline derivative , 2-axo-3r-c arbo- 

methoxymethylene-l ,2 ,3 ,4-tstra1ny 

In view oF this apparent difference in behaviour of the 
reac felons of ,o-p henylenediamine with DBA and DHAD, we have 
re invE^st ig ated the reaction of G^-phenylenediamine with DB A 

view to ascertaining the structure of the addition 
product* Ireatment of equimolar amounts of o^-p henylene- 
diarnina and DBA in THF at room temperature gave a 80% yield 
of a product, identified as 2-( 2~hydroxy-2-phenyletheno) - 
3-{)henylquinoxaline ( 22b ) * The structure of 22b has been 
established on the basis of analytical results and spectral 
data* The ir spectrum of this product, for example, did 
not siiQW any carbonyl band. The nmr spectrum (Fig. III. 5) 
of tiris product showed a sharp singlet at 6 .28 6 { 1 H) due 
in un olefinic proton and a broad signal at 15.5 6 (1H) 
which was exchangeable with D^O and is assigned to an 
enulic hydroxyl proton. In addition, the spectrum showed 
twu fiiultiplots centered around 7.3 6 (10H) and 7.6 6 (4H), 
aasignod to the aromatic protons. 

F u rt he r c onf irmat io n o f t he st r uc t ur e o f was 

tiurivtid from its C — nmr speGtrum* The C--nmr spectrum 

( F' ig '.''I IT '•''6^) showed several. ';SignBls at ,4:;,..., '122^ . 2:,. ■ T28 - 6 ■ 

1 29.2, hi 31 *1''/ i31 ...4,, 1 31I..B';,;''';T;32;;.B',;: ,132^:.■3■■,.;, 1,:33 ^ 



Aromatic 
1QH 
73 6 



III. 5 NMR spectrum (60 MHz) of 2-(2-hydroxy 2 ph€nyletheno)-3~phenylqui 
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1 34.9 , 1 40.1 , 1 40. 7, 148.4, 1 50.4 and 183.7 6, Of these, 

the signal at 9 4.1 5 is assigned to the olefinic carbon 

whereas, the signal at 183.7 6 is assigned to the 

2 . ■ 

sp Carbon atom, bearing the enolic hydroxyl group (C 2 t)* 

It might be mentioned in this conneotion that the "'^C-nmr 

spectrum of dibenzoylrnethane, V'jhich is known to exist in 

the enolic form, shows two signals at 92.5 6 and 184.9 6, 

respectively, which are assigned to the olefinic carbon 

2 

atom and the sp carbon atom to which the hydroxyl group 
3 6 

is att ac hed . 

The mass spectrum of 22b (Fig. III. 7) showed the 
molecular ion peak at m/e 324 (26). Other peaks were 
observed at m/e 307 (20), 306 (3)., 296 (24), 295 ( 6), 

247 (11), 220 (20), 219 (46), 218 (14), 217 (3). 105 (100), 
91 (6), 90 (3), 89 (6), 77 (49), 76 (11) and 51 (15). 

Some of the possible fragmentation, modes are shown in 

■-m ■ 

Scheme III. 9. The loss of an OH fragment from 22 b . for 
example, will lead to the fragment 22c at m/e 307, whereas, 
the fragment 22 d at m/e 306 could arise through the loss 
of H 2 O from the molecular ion. A simple McLafferty 
rearrangeinent of ,^b will result in the formation of 22 a 
which can subsequently undergo fragmentation through 
different modes to give fragments like 22e , 2^g, 2^i 

and 21j at m/e 296, 295, 247, 219 and 218, respectively. 
The highest intensity peak at m/e 105 is assigned to the 
benzoyl fragment 22 k ( Scheme 1 1 1 . 9 ) . 
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During the course of the present investigation, we 
Came across a recent publication by Bass et-al.,^"^ concern- 
ing the structure of the addition product, formed from the 
reaction of ^-phenylenediamine v^ith DBA. These authors 
have suggested that the structure of the product could be 
best represented by e it her 22 e or 22 b (Scheme III. 8). In 
view of the uncertainty concerning the structure of the 
addition product, we have examined some of its chemical 
transformations for gaining further insight into this 
problem. 

In an attempted bromination, the adduct was 

treated with a solution of bromine in DCl^ which resulted 
in the formation of a 9^ yield of a product identified 
as 2-bromop he n acyl-3-phenylquinox al ine ( 23 ) (Scheme III. 10). 
Analytical results have shown that the compound has the 

molecular formula C 22 H^ gN^OBr. The ir spectrum of 2_2 

-1 

showed an intense peak at 1710 cm due to carbonyl group 
absorption. The nmr spectrum of the bromo adduct ^ 

(Fig. Ill, 8) showed a sharp singlet at 6.756 (1H) due to 
a methine proton, attached to strongly electron-withdrawing 
groups . i n addition, the spectrum showed two mult iplets 
centred around 7.62 6 ( 12H) and 8.06 6 (2H) , which could; be 
assigned to the aromatic protons. 

The uv spectrum of ^ ( F ig . 1 1 1 .9) showed two absorp- 

tion maxima at 247 nm (e , 29,500) and 332 nm (e , 6,300) . It 






is known that the quinoxaline chromophore exhibits an 
band around 312 nm and that a b at hoc hromic shift of this 
band is observed with substitution in the 2-position of 
the quinoxaline ring. The presence of the long wave- 
length absorption band at 332 nm in the uv spectrum of 23 
would be in support of the assigned structure. Examination 
of Fig. III. 9 reveals that the uv spectrum of the bromo 
derivative, 2 _^, is considerably different from that of the 
starting material, 22b. as would be expected from their 
structural variations. 

Further confirmation of the structure of 2_^ was 
13 13 

derived from its C-nmr spectrum. The C-nmr spectrum 

of 2^ (Fig. III. 10) showed several signals at 55.6, 131,3, 

1 31 . 8, 1 32.1, 1 32.5, 1 33 . 3 , 1 3 4 . 1 , 1 3 6 . 1 , 1 40 . 3 , 144.2 and 

152.6 6. Of these, the signals at 55.66 is assigned to 
3 

the sp carbon atom, bearing the bromine atom and the other 
electron-withdrawing functional groups. 

Additional support for the structure of 2 ^ was 
derived from its mass spectrum (Fig. III. 11). The mass 
spectrum showed a molecular ion peak at m/e 402(3). Other 
peaks in the spectrum were observed at ro/e 325( 5) , 324 (26) 

323 ( 54), 322 (1 2), 321 ( 3) , 29 7 (2) , 296 ( 7), 295 ( 7), 

294 ( 4) , 21 8 ( 12 ) , 1 05 (TOO) , 77 ( 71 ) and 51 ( 3 ) , which 
c o ul d be ass igne d to some of t he f r agme n ts s ho wn in 
Sc heme II 1 .1 1 . Loss of a bromine atom from the molecular 
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m/e 322 (12) m/e 294 (4) 

23ci 23f 



Scheme III .11 (contd) 
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m/e 324(26) 
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ion will give the fragment 23 a at m/e 323, which in turn 
Can lose fragments like CgHgCOj, CO and H, to give peaks at 
m/e 2 1 8 { 2_3 b ) , 29 5 ( 23 c ) and 322 ( 23 d) . respectively. The 
fragment 23 d c an subsequently lose a hydrogen atom to give 
the fragment 23 e at m/e 321 , whereas the loss of a CO 
group will lead to the formation of 23f at m/e 294. On 
the other hand, the loss of a phenyl group from the mole- 
cular ion will result in the fragment 23 q at m/e 325, which 
Can subsequently lose a hydrogen atom to give the fragment 
2 3 i at rn/e 324. Loss of a CO group from 2J_g can lead to 
the fragment 2^h at m/e 297. The highest intensity peak 
at m/e 105 is assigned to the benzoyl fragment 2^k, formed 
from the molecular ion peak. 

Further support for the structure 22b for the addi- 
tion product of _o-p henylened iamine and DB A is derived from 
its oxidation studies. Treatment of 2_2 with a nonstoichio- 
matric oxide like nickel peroxide in benzene, resulted in 
the formation of 3 8% yield of an oxidative dimer having 
the rnoleculsr formula C^^H 2 Q(\i ^02 and identified as 
1 , 4-d ip he nyl-2 ,3 -b.is (,3-phenyl qu inox-2-yl ) -1 , 4-bu t aned lone 
( 2 6) ( Sc heme I II .12 ) . The mass spec trum of /^ showed a 

molecular ion pe ak at m/e 646. The Ir spectrum of this 
product showed a carbonyl absorption band at 1 676 cm , * 

The uv spectrum of ^showed two absorption maxima at 
252 nm (e , 60,000) and 336 nm , (e , 1 7,000) , respectively. 








and was found to be very similar to the spectrum of the 
bromo derivative (Fig. III. 9), indicating the presence 
of a similar chromophore in 2 6 . 

The proton nmr spectrum of 2_6 showed a series of 
signals in the region of 6.95(5 - 8.106, due to the aromatic 
and methine protons. The C-nmr spectrum of 26 ( F iq. 

111,12) showed several signals at 56.1, 56.7, 130.5, 130.9, 
131.3, 131.5, 131.7, 132.3, 132.9, 135.1, 135.3, 139.6, 

140.1, 141.2, 143.6, 152.4, 153.0 and 197.2 5. Of these, 

the signals at 56.16 and 5 6 , 7 6 could be assigned to the 

3 • 

two sp carbon atoms present in 2^. However, the exact 

reason for the slight magnetic non-equivalence of these 

two carbon atoms is not very clear at present. The signal 

2 

at 19/”. 2 6 is assigned to the sp carbon atoms of the two 
carbonyl groups present in 2^. 

A probable mechanism for the formation of the oxidative 
dirner 2_6 is shown in 5c heme 1 1 1 . 1 2 . Treatment of the quinoxa- 
line derivative ^b with nickel peroxide will lead to the 
formation of the radical internied iate 24, which can subsequen 
tly be isomarized to other radical intermediates like 25 a 
and 2 5 b . Of the several possible radical recombination 
modes, the ones involving a C-C linkage, C-0 linkage and 
C-(''\i linkage and leading to the dimers and 2 8 . 

respectively are shown in Sdbeme III. 12. Of these possi- 
bilitiGS, it appears that the C-C bond forming mode of 
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radical recomb inat ion, involving the dimerization of the 
radical intermediate 24 and leading to the formation of 
2_6 is the most favoured pathway. 

Additional support for the structure for the 

39 

oxidative dimer is derived from its attempted bromination. 
Treatment of 2_£ with bromine in carbon tetrachloride 
resulted in the formation of a 82% yield of a product 
having the molecular formula and identified as 

1 , 4-d ip henyl-2 , 3 -b is ( 3 -phe nylqu inox-2-yl ) ■ - Z-but e ne-1 , 4- 
dione (2_9,b). The structure of 2^b was derived from analy- 
tical data and spectral evidences. The mass spectrum of 
29 b. for example, showed the molecular ion peak at m/e 644. 
The uv spectrum of 29 b showed absorption maxima at 250 nm 

(s j 65,000) and 356 nm (e, 21,000) and was different from 
the spectra of both 22 b and (Fig. III.13r). It might be 
mentioned here that the structure of 29 b is assumed to 
have tiiu trans-geometry, on the basis of steric considera- 
tions, although we have no definitive evidences in support 
of this assignment. The formation of 29 b from the dimer 

2 6 can be rationalized in terras of the initial formation 

of the monobromo derivative, 29,a, which can lose HBr 
during the course of the reaction to give the product ^ 

(Schume III. 13) . 

In continuation of our studies, we have examined 
the reaction of 1 , B-diamino nap ht hale ne with DB A with a . 
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to studying the nature of the products formed in this 

> 8-d i amino nap ht hal e ne with dimethyl 


acetylenedicarboxylate is reported to give a mixture of 
products consisting of 2-oxo~.2-c arbomet hoxymethylene- 


1,2,3,4-tetrahydronaphtho~[l,B-efj-[l,4j-diazepin (3D) and 

- , '■^-dj.carbomethoxy-1 , 2 , 3 , 4 -tetr ahydronapht ho_[1 , 8-..efJ-[1,4]- 

(■lia2U|jiri (Scheme II I 14 ''^^ x 4. 

* - * Treatment of an equimolar 


mixture of 1 , 8-diaminonaphthalene and DBA in THF 


at room 


i-inii LX d i. ure gave a mixture of products consisting of 
'^.-btjiix.uyi_2_phengcyl-2,3-dinydroperimidine (_32,) (9%) and 

:.'-buninylpcrimidine (^) (89 p) ( Sc heme 1 1 1 . 1 5 ) . T he 
Structures of both 32 and 33 have been arrived at on the 


basiq uf analytical results and spectral information. 


Compound for example, analyzed for C . . 

I O I dd 

Its ir £i!H2Ctrum showed an [\lH stretching frequency at 
.iJ6U ci.i and a c arbonyl' b and at 1 658 cm'f respectively, 
in ail il it ion, the spectrum showed absorption bands at 1 624, 
1 hy'l anti 1520 cm , characteristic of the stretching 
f r u <!' i;j I iC ius of 2..substitutBd periinidine systems. The 
pj'uldii nriir spectrum of 5^ ( F ig . 1 1 1 . 1 4 ) showed a multiplet 

• I' ’• •■5 (1H) assigned to the H^-proton of the perimidine 
I'lUiM I'lo. The upfield shift of this proton is attributed 
til tliu iirusence of the adjacent l\iH group of the perimidine 
I iriij. Other protons of the perimidine ring appeared as a 
I multiplet cuntred around 7.556 ( 3H) and 8 . 3 1 6 ( 2H 
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and NH), respectively. The mu it ip let at 8.316 accounted 
for three protons, which include the NH proton of the 
perimidine ring system. 

The mass spectrum of 3_3_ (Fig. 111.15) showed a 
molecular ion peak at m/e 272 (1DD). Other peaks in the 
spectrum were observed at m/e 271 (14), 244 (12), 243 (3), 

105 (41), 77 (71) and 51 (6). Some of the possible frag- 
mentation modes are shown in Scheme 111.16. 

Analytical results have shown that cc^mpound 3_^ 

has the molecular formula The ir spectrum of 

-1 

32 showed a band at 3276 cm , characteristic of a hydrogen- 

bonded wH group. In addition, the spectrum showed a CO 

-1 

absorption band at 1650 cm . The proton nmr spectrum of 

3 2 (Fig, 111.16) showed an AB quartet with chemical shifts 

at 3.14 6 (1H) and 4.536 (1H) and J = 17.5 cps, indicating 

Ad 

42 

the presence of two non-equivalent methylene protons. 

The magnetic nonequivalence of the two methylene protons 
may be attributed to the restricted rotation of the CgHgCOCH^ 
group duo to the hydrogen-bonding between the NH and CO 
groups in 3 2 . ^ ^ In addition, the spectrum of 3_2 showed 
several multiplets centred around 6.076 (2H), 6.56 (1H), 

7.0 6 (5H) , 7.48 6 ( 6H) and 7.926 (4H) . Of these, the 
multiplsts at 7.486 and 7.926 are assigned to the benzoyl 
group protons , where as, the o cher multiplets at 6 . 076, ^ 

6 .5 6 and 7.06 account for the aromat ic protons of the 
perimidine nucleus and the two NH protons. p 
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pectrum(60MHz) of 2-benzoyl-2-phenacyl-2 , 3 -dihydropenmidine 
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Further support for the structure of J_2 was derived 

from its mass spectrum. The mass spectrum of 3_2 (Fig, 111,17) 

showed a molecular ion peak at m/e 392 (4). Other peaks in 

the spectrum were observed at m/e 375 (1), 374 (3), 272 (61), 

271 (7), 270 (2), 269 (2), 268 (1), 244 (7), 243 (7), 242 (7), 

166 (30), 141 (2), 140 (11), 139 (4), 105 (TOO), 77 (98) 

and 51 (40), V'v)hich could be assigned to some of the f r ag- 

ments shown in Scheme III. 17. . As is evident from Scheme 

111.17, a prominent mode of fragmentation of ^ is through 

the loss of a C H COCH, moiety to give the molecular ion 

6 5 5 ■ 

st m/e 272. The peaks at m/e 271 , 244, 243 , 242, 1 66, 
141, 140 and 139 can be assigned to fragments like 33a. 

33 b , ,3_3c , 3^e , 33 f . 331 . 33 h and 3_3 k , formed through the 
f r agmo n tat io n of the molecular ion of 3_3 (see, Fig. 111.15 
and Scheme I II. 16). The mass spectrum of 3_2 clearly reveals 
that compound 3_2 is very readily transformed to 2 ^, under 
electron iiiipact. Other peaks in the mass spectrum of 3_2 
at m/e 375, 374, 269 and 266 could be assigned to the 
fragments 3_2a, 3 2 b . 32 c and 3 2d , as shown in. Scheme III. 17. 

Additional support for the structure of 3_2 was 
derived from its t hermal decomposition studies. On heating 
3_2 around 1 50-1 60° for /2 hr resulted in the formation of > 
a 73% yield of 3 3 . The f ormation of f rom 32 is 
rationalized in terms of a concerted loss of an aceto- 
phenone fragment as shov'ifn in Scheme 1 1 1 . 1 5 vy ^ 
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Fig .111.17 Mass spectrum of 2-benzoyl-2-phenacyl-2,3-dihydroperimidine (32) 



Scheme III .17 
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1 urther to our studies, we have examined the reaction 
of 2 - ain ino p yr id ine with DBA. The reaction of 2 — aminopyridine 
witn DBA gave a mixture of two 1:1 adducts consisting of 
2-( 2-xmino-1 -(2H) -pyridyl) -1 , 4~diphenylbut~2-Bne-1 ,4-dione 
1 , 4- dip henyl-2-( iM-2-pyr id yl am ino ) bu t-2-e ne-1 , 4- 
dioni, (;g5) . The structurEs of both 3 4 and 3 5 were established 
on the basis of analytical results and spectral data. 

The ir spectrum of 3^, for example, showed a band 
-1 

at 3115 cm , characteristic of an i\lH stretching frequency 
and two bands at 1 66 8 and 1 653 cni"\ respectively, due to 
two carbonyl groups. The nrnr spectrum of 34. ( F ig . 1 1 1 . 1 8 ) , 
showed several multiplets at 5.966 (1H), 6.636 (2H), 

7.53 6 ( 11 H) and two singlets at 7.0 6 ( 1 H) and 7.1 3 6 ( 1 H) . 

Cl f these, the multiplet around 5. 9 66 is assigned to the 
Hg-proton of the pyridine ring, which is the most shielded 
proton. The multiplet around 6.63 6 can be assigned to 
the H., and protons of the pyridine ring, whereas the 
signal at 7.136 could be assigned to the Hg-proton of the 
pyridincj ring. The complex multiplet centred around 7.53 6 
could be assigned to the aromatic protons of the two 
benzoyl groups and the hH proton. The singlet at 7.03 6 
is assigned to the vinylic proton in 34 . 

The mass spectrum of _^4 (Fig. III. 19) showed a 
molecular ion pe ak at m/e 328 ( 40), which u nder goes the ^ 
loss of an [\lh fragment to give the ion ^a at m/e 313 (7) . 





223 


Similar nitrene eliminations from 2-aminapyridine deriva- 

44 45 

fives are reported, in the literature. ’ A pericyclic 

transformation of the dibenzoylalkene function will lead 
to .34 b, which in turn can undergo elimination of fragments 
like Cu 2 j CO and CgHg to give the ions 3 4c , at m/e 284 (9) j 
3 4 d , at m/e 3 00 ( 1 0 ) and 3_4e, at m/e 251 (20), respectively. 
Further elimination of a 00 group from 34e can lead to the 
fragment 3_4f at m/e 223 ( 100). Elimination of HON from 
the molecular ion however, will lead to the fragment 

3 4 i at m/e 301 (8). The peaks at m/e 105 ( 61 ), 78 ( 66), 
and 77 (37) can be attributed to benzoyl, pyridyl and 
phenyl fragments, respectively. Other peaks in- the 
spectrum of 3 4 were observed at m/ e 222 ( 1 2), 221 ( 32 ) , 

209 (25) , 207 ( 53) , 195 (24), 181 ( 22 ) , 1 2 1 ( 1 3 ) , 91 (8) 
and 51 (15). Some of the possible pathways for the 

formation of these fragments are shown in Scheme III. 18. 

The ir spectrum of _35 showed two absorption bands 

-1 

at 31 60 and 1710 cm , which, have been assigned to a 
hydrgen-bonded MH and 00 group , respectively. The uv 
spectrum of 3_5 showed two absorption maxima at 258 and 
3 80 nm, characteristic of an amine diones (see. Table 1 1 1,2). 

^ nmr spectrum of 3_5 (Fig. 111.20) showed a sharp 

singlet at 6.226 (IH), which is assigned to the vinylic 
proton, in addition, the spectruni showed several roultiplets 
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Scheme III .18 (contd) 
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centred around 6.83 6 ( 2H) , 7 . 3 5 6 ( 7H ) and 7.95 6 ( 5H) . Of 
these the multiplet around 6.83 6 is assigned to the most 
shielded protons of the pyridine ring namely, the and 

protons. The multiplets at 7.356 and 7.956 are assigned 
to the aromatic protons of the two benzoyl groups and also 
the and Hg protons of the pyridine ring. The broad 

band around 12. 87 6 in the spectrum of 3 5 is assigned to 
the fJH proton and it has been observed that this proton is 
exchangeable with D 2 O. 

A probable route to the formation of the adducts 34 
and in the reaction of 2- aminopyr id ine with DBA is shown 
in Scheme III. 19. In the reaction of a bifunctional nucleo 
phile like 2-aminopyridine, two modes of reaction are 
possible. In one case, the primary amine centre can 
initiate the nucleo'philic attack and lead to the formation 
of the adduct Sue h a re ac t io n is analogous to the 

reaction of aniline and other primary amines with DBA. In 
the alternative mode of reaction, the tertiary amine centre 
of the pyridine nucleus initiates the nucleophilic attack, 
leading to the formation of the zwitterionic intermediate 
3 6 . which can then undergo an intramolecular transfer of 
a proton to give rise to the adduct ^ (Scheme III.19). 

It might bo pointed out in this connection that the 

■ . . ' -46 ■ 

reactions of 2-aminopyridine ’.-.•ith acrylic ester and 

47_4.g - ' ■ . . ■ 

methyl propiolate are known to proceed in a Similar 

manner, as shown in Scheme 111.20* 
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Scheme 111.19 
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1 1 1 . 3 . 4 Electron-Impact I n duced Fragmentations of Some 
Enamine Diones 

In Chapter I of this thesis we studied the electron- 
impact induced transformations of some c is-1 , 2-dibenzoyl- 
alkenes and have shown that different modes of fragmenta- 
tion occur in these systems. One of these modes involves 
an initial pericyclic transformation of the dicarbonyl- 
alkene function, which is then followed by other fragmenta- 
tion pathways. In vievj of our general interest in the 
thermal and el ec tro n-imp act transformation of 1 ,2-dibenzoyl- 
alkenes , we have examined the mass spectral fragmentation 
modes of some of the enamine diones that we have prepared 
during the course of the present studies. These include 

1 , 4-dip hcnyl-2-( N-p he nyl amino ) but-2-ene-1 , 4-dio ne (_5) , 

1, 4-dip henyl-2-piperidinobut-2-ene-1 ,4-dione (^} , 

2 - ( N-2- hydr oxyp he nyl amino ) - 1 , 4-d ip he nyl but -2 -e ne - 1 , 4-d ione 

( J.) » "1 j 4-diphenyl-2-( I'j-p he nylbcnzyl amino) but-2-ene-1 ,4-dione 

( 8_) , 1 , 4-d ip he nyl -2 - ( N-2-pyr id yl amino ) b ut-2-ene-1 , 4-d ione 

and 2 , 3-dibenzoyl-1 ,4-dip hcnylpyrrole ( 11 ). 

The mass spectrum of ^ ( F ig. II 1.21) showed a 
molecular ion peak at ra/e 327 (.1_3) . The most intense 
peak at m/e 222 (100) can. be formed through the loss of 
a CgitgCO moiety from the molecul ar ion and is assigned to 
the fragment _5a. Subsequent loss of fragments like H 2 O 
and C ,H- from 5a can lead to fragments 5c and ^d at m/e 
204 (3) and 144 (6), respectively. Other peaks in the 
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spectrum of ^ were observed at m/e 105 (87), 103 (5), 91 (2), 

84 (5)/ 78 (6), 77 (50), 69 (3), 57 (8) and 51 (12) and 
some of the possible fragmentation modes are shown in 
Schem 3111.21. 

The molecular ion peak at m/e 319 ( 1 00 ) w as f ound to 
be the most abundant peak in the mass spectrum of 1,4-diphenyl 
2 -p ip er id inob u t- 2- B ne- 1 , 4- d io no ((6) (Fig. I II. 22). Of the 
several peaks, the ones at m/s 302 ( 12) and 291 (18) could 

be assigned to fragments _^f and _6 d , respectively, formed 
by the elimination of OH and CO fragments from the molecular 
ion peak. One of the likely transformations of _6 under 
elec tro n- imp act is its rearrangement to _6a through a 
pericyclic reaction. The peaks at m/e 318 (7) and 242 (1 ) 
in the mass spectrum can be rationalized in terms of the 
loss of a hydrogen atom and group, from _6a to give 

the fragments _6c and ^b , respectively. Other peaks in the 
spectrum of _6 were observed at ro/e 303 (4), 301(4), .290 (13), 
274 (4), 214 (57), 200 (2), 1 96 (2), 191 (2), 1 86 (12), 

146 (6), 131 (2) ,11 2 (19) ^ 1 05 (27) , 91 (3), 84 ( 1 4), 

83 (4), 78 (5), 77 (27) ,69 (13) , 62 (4), 55 (4), 53 (2) 
and 51 (10), which may be due to some of the fragments 

shoi(i/n in Scheme 111.22. 

The mass spectrum of 1 ,4-diphenyl-2-(i\i-phenylbenzyl- 
aminc ) but-2-Bne-1 , 4-dione : ( 3) (Fig. 111.23) showed the 
molecul ar ion pe ak at m/e, 417 ( 55) . Other peaks in the 
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spectrum were observed at m/e 340 (2), 31 2 ( 1 0 0 ) , 3 1 1 ( 8 ) , 
250 ( 3 ), 236 {25), 1 82 (9), 1 81 ( 7), 180 ( 5); 179 (3), 

1 78 ( 3), 1 67 (3), 1 59 (2), 1 31 ( 3), 91 ( 19 ), 64 ( 4), 

63 (10), 62 (11), 52 (42) and 51 (32). Some of the 
probable fragmentation modes are shown in Scheme 111.23. 
One of the prominent modes of fragmentation involves the 
loss of a phenyl group from the molecular ion to give a 
fragment at m/e 340 (2), whicli can subsequently lose a CO 
fragment to give the ion at ni/e 312.(100). On the basis 
of the electron-impact fragmentations of other enamine 
diones that we have examined^ it is reasonable to assume 
that the molecular ion _8, undergoes an initial psricyclic 
transformation to give an intermediate, which loses a 
fragment to give the ion 8_a at m/e 340. Further loss of 
a CO group from ^a will lead to the ion _8b at m/e 312. 

The presence of a peak at m/e 236 (25) is attributed to 
the fragment _0d, formed through a fragmentation of the 
molecular ion and proceeding through a hydrogen migration. 
Similarly, the strong peak at m/e 78 ( 89) can be assigned 
to the bonzane radical ion, _8i, formed through a fragmenta 
tion process, proceeding thragh a hydrogen-transfer. The 
presence of a high-intensity peak at m/e 105 (92) is 
assigned to the benzoyl fragment, formed through a simple 
a-cleavagc of 
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Scheme III. 23(contd) 




m/e 181 (7) m/e 180 (5) 
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The mass spectrum of 2-(i'i-2-hydroxyphenylamino)- 
'1 , 4-dip henylbut-2-ene-1 , 4-d io ne ( 1 _} (Fig. III. 24) showed 
a low-:Lntensity peak at m/e 343 ( 7),. assigned to the 
molecular ion peak. Other pee!<s in the spectrum were 
observed at m/e 326 (1), 325 (2), 238 (10Q), 237 (1), 

221 (10), 220 (32), 192 (2), 165 (2), 160 (4), 105 (65), 

77 (48), 65 (4) and 51 (9). Some of the probable fragmenta 
t io n modes are shown in Scheme III. 24. The highest 
intens3.ty peak in the spectrum of 1_ was observed at m/e 
238 (100), which can be assigned to the fragment Xa, 
formed through the loss of a C^Hj.C0 group from the 
molecular ion. Further loss of a hydrogen atom from 7,a 
will give rise to the fragment T^b at m/e 287, which in 
turn can lose a phenyl group to give the fragment Ic at 
m/e 160. The loss of an OH group from the molBcular ion, 
however, can lead to the fragment 7d at m/e 326, whereas 
the peaks at m/e 221, 220 and 192 can be rationalized in 
terms of the fragments J7f, 7g Bnd J7h, formed through the 
success ive 1 oss of C , H and 00 group s , resp ec t ively 

from ";7d:. , 

The mass spectrum of 1 , 4~.diphenyl-2-( N~2-pyridyl~ 
amino ) but-2-ene- 1 , 4-d io ne (3^5) (Fig. 111.25) showed a 
molecular ion peak at m/e 328 ( 1 ) . One of the major 
f r agmontat ion mod e s o f 3 5 h as been through the loss of a 





Scheme III. 24 



m/e 51(9) m/e221(10) m/e220(32) m/e192{2 
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^£^ 5^0 group to give the highest intensity peak in the 
spectrum at m/e 223 (100) and assigned to the fragment 
^_5aa Further loss of a 00 group from 35 a will lead to the 
fragment _3_5b at m/e 195 (1), whereas the loss of a OH 2 
fragment from will result in the fragment 3^c at 

m/e 181 (2). The peak at m/e 146 (15) can be assigned to 
the fragment 3^d, formed through the loss of group 

from j35_a. As in the case of other enamine diones, a high 
intensj.ty peak due to the CgHj-CO fragment was observed in 
the spectrum of 3_5. Some of the possible modes of frag- 
mentation of 3_5 are shown in Scheme III. 25. 

The mass spectral fragmentations of a dione system 
1 ike 2,3 - d ib e nzoyl-1 , 4-d ip he nylpyrrole (.H) has been f ound 
to be quite different from the fragmentation modes of other 
enamine dione systems that we hav e . ex amined during the 
course of the present studies. The mass spectrum of 1 1 
(Fig. III. 26) shovjed a molecular ion peak at m/e 427 (IGO), 
which happens to be the highest intensity peak in the 
spectrum. The rel at ively high st ab il ity of the molecular 
ion of 1J_ is attribute d to the aromatic character of the 
pyrrole derivative. Other peoks in the spectrum were 
observod at ra/e 399 (3), 363 ( 3), 350 ( 66), 322 (20), 

306 ( 5) , 294 ( 8)‘, 219 (4), 2 1 7 ( 5 ) , 1 91 ( 7) , 189 (8). 

105 ( 61 ), 77 ( 81 ) and 51 (5). Some of the possible 
frag men tat ion mode s are shown in Sc heme 1 11.26 . T he 
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f 

peak at m/e 399 could be assigned to the fragment 11 b . 

formed through the loss of a CO group from 1 1 a. The peaks 

at w/d 321, 294 and 191 can be assigned to the fragments 

1 1 c _1J_d and 1 1 e , formed through' the successive loss of 

CD and CgH^CN fragments from lib, as shown in 

Scheme 111.26. Loss of a CgHcCh moiety from 11 c will 

lead to the fragment |J^g at m/e 219, whic h in turn can 

lose a hydrogen molecule to give the fragment JJ_h at 

m/e 217. Elimination of RCu fragments from a-su bst ituted 

50 

pyrrole derivatives has been reported in the literature. 
The fairly intense peak at m/e 350, however, c an be 
attributed to the fragment JJ.i, formed through the loss 
of a phenyl group from 1 1 a. 

Table III. 3 summarizes some of the major fragments 

formed under electron-impact from the enamine diones that 

we have studied. Also, the fragments formed from cis- 

1 , 2-drbenzoylstilben8 are included for comparison purposes 

It might be pointed out in this connection that the 

electron-impact fragmentation of some of the adducts 

obtainad from the reaction of: secondary amines with 

acetylenic ketones have been reported earlier by Aplin 

'51 

and (■iBsters. These workers have observed that the 

adducts formed from piperidine and morpholine, for: 
example, show high intensity peaks due to ( M-OH) and 
( M-C^^n^CD) fragments , in ; addition to the commonly 



427 




Scheme III . 26 





Scheme III .26(contd) 
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H5C6 0 m/e 306(5) 

m/e 350 (66) 




Table III . 3 ~ Some of the Fragment Ions Formed from Enamine Dionee and cis-Libenzoyls til bene Under 
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observed fragments like (M-R)"' and R'*'. The 

ge nex al f r agme nt at io n pattern of these adducts is shown 
xn Scheme 111,27. As is evident from this scheme, a 
major pathway for the transformation of £1_ is through an 
in tr amolec ul ar hydrogen transfer to give the intermediate 
4.^ ? which Can subsequently lose an OH group to give 
fragment 43 , In the present studies, we have observed 
that such a hydrogen transfer takes place in the case of 
both 1 , 4~.diphenyl~2-piperidinobut-2-ene~1 , 4-dione (^) 
and 2 - . ( h~.b 3 nzyl-N-p he nylamino ) • ■ 1 , 4-dip hsnylbut-2 -e ne ~ 
1,4-dione (^) , adducts having accessible a -hydro gen atoms 

Another intGresting feature that has been observed 
in the elec tron-imp act fragment at ions of the enamine 
diones is the relative abundance of the molecular ions. 

It has bosn observed that in adducts 5, 7. and 3_5, having 
the E~conf igur at ion , the peaks appear as low-intensity 
peaks asi compared to the cases of adducts like ^ and 
, having the Z-c onf igurat io n , Inhaddition, the ready 

elimination of a phenyl group has been observed in the 
Z-isomors. It is reasonable to assume, on the basis of 
these observations, that the Z-isomers may be undergoing 
a peric ycl ic re ac t io n u nd er elec tron-imp ac t , an alogous t o 
t he tr ansf ormat io n of c is-d ibe nzoyls t ilbene to give t he^^ 
corresponding lactone derivatives {d_2) , These lactones 
c an sub seque ntly lose a phenyl group , in e ac h e ase , 



Scheme III. 27 
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Scheme 111.28 
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give stable ions like ^ (Scheme 111.28). 

K-Cleavage of the benzoyl function has been found 
to be an important fragmentation- pathway in both E- and 
Z-isomers, giving rise to fragments like ( M-CgH^CQ ) , 

CgH^CO’^ and ions. 

1 1 1 . 4 EXPERII^ENT AL 

All melting points are uncorrected and were recorded 
on a fiel-Temp melting point apparatus. The ir spectra were 
recorded on P erk in-Elmer , itodel 137 and Piodel 521 Infrared 
Spectrometers. The electronic spectra were recorded on a 
Beckman DB Spectrophotometer. Minr traces were recorded on 
either Varian A-60 or XL-1Q0 Wrnr Spectrometer, using tetra- 
methylsilane as internal standard. The mass spectra were 
recorded on a Varian Mat CHT Mass Spectrometer at 70 eV. 

1 1 1 . 4 . 1 Starting Materials 

Dibenzoylacetylene , mp 1 1 Ot-I 1 1 ° , was prepared by a 
52 

reported procedure. 

Commercial grades of aniline, piperidine and 
N-p he nylbe nzylamine were freshly distilled before use. 

Nickel peroxide (20 g) was prep ared ; by the treatment of 
nickBl sulphate ( 40 g ) wit h a mixture of sodium hypochlorite 

( 670 sol ut io n , 100 ml) and sod ium hydroxide (13 g ) as per A 

53' ' ' 

a. reported procedure. Petroloum ether used was of bp 60— 80° 
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P he nac yl Bromide - P hen acyl bromide, mp 48-49*^ was 
prepared rn a 85/-i yield, by the bromination of acetophenone 
in diethyl ether * 

55 

P ■ he,_n_a c ylaniline - A solution of p hen acyl bromide 

(10 Qj G,05 mol) in ethanol (40 ml) was treated with 
freshly distilled aniline (10 g, 0.1 mol) and the mixture 
was gently warmed, during which period an yellow solid 
precipitated out. The solid ruaterial v-x/as filtered and 
recrystallized from alcohol to give 7.2 g (69%) of 
i\i-phsnacylaniline , mp 98° (lit.^^ mp 98°). 

Ir spectrum (KBr) 3401 cm~^ ( , 305 8 , 2841, 

and 2770 cm 16 89 cm ^''^C-0^’ 16 03 , 1572 and 

1 504 cm“^ ) . 

I 1 1 . 4 . 2 Pveaction of Aniline v/i th Dibenzoylacetylene 

A solution of dibenzcylacetylene ( 23 4 mg, 1 mmol) 
in te tr ahydrof u ran (10 ml) was added to a te tr ahydrof uran 
solution of aniline (93 mg, 1 mmol in 50 ml) at room 
temper oture and with constant stirring, over a period of 
30 minutes. The stirring iwas continued for an additional 
period of 30 minutes and afterwards the solvent Was 
removed under vacuum to give an yellow solid. Recrystal- 
lization from a. mixture (2 s 1) of methanol and chlaroform 
gave 290 mg (89?o) of bright yellow^ needl e shaped crystals 
of 1 , 4 •diphenyl--2-( i\i--phenylamino) but-2~ene-1 ,4-dione ( 5i) , 
mp 130° - mp 131 ° ) . \ 



Anal. Calcd for ^W02 : BO. 73; H, 5.19; 

N, 4.13; Mol. wt., 327. Found: C, 80.58; H, 5.03; iV, 3.80; 
Mol. wt.p 327 (Mass spectrometry). 

Ir spectrum (KBr) 3120 cm"^ hydrogen- 

bonded), 3095, 2945, 2845 cm"^ ( v^_^) , 1670 and 1 6l 5 cm"'' 

1 600, 1 530 and 1 570 cm"'' (v^- q). 

Uv spectrum ( Ethanol) X : 258 nm [e , 22,600) and 
375 (19,000). 


I 1 1 . 4 . 3 Reaction of Piper idi ne with D ibenzovlacetylene 


A solution of d ibenzoylacetyl ene ( 93 6 mg, 4 mmol) 
in te t r ah y dr o f u r an (15 ml) was added to a te tr ahydrof ur an— 
solution of piperidine (340 mg, 4 mmol in 80 ml) at room 
temperature and with constant stirring. After 1 hr, the 
stirring was stopped and the solvent was removed under 
vacuum. The residue was recrystallized from a mixture 
(2:1) of methanol and chloroform to give 1.2 5 g (9 8‘/o) of 
pale yellow needles of^ 1 , 4-dip henyl-2-piperidinobut- 


2-ene'-1 , 4-dione , (^) mp 1 79° (lit.''"^ m.p 181 °). 


i'JQal. Oalcd fo r € 21 ^ 2 IVO, : C , 7 8 .99 ; H , 6 , 5 8 ; 
h, 4.39; i-iol. wt., 319. Found; C, 78.50; H, 6.49; N , 4.29 
f“iol. wt., 319 ( Mass s pectrometry ) . 


c m 


-1 


Ir spectrum ( KB r) „ ^ ; 303 1 , 3020, 2956 and 2876 

I n aX. 

(vq_|.) , 2926 and 2 855 cm"'' ( Vr 


, asymmetric and 

symmetric ) , 1 670 cm"'' (vg^g) , 1 61 2 , 1 599 and 1 585 cm"^ ( vr 


i-=C 
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Liv spectrum (Methanol) \ : 255 nm (e , 22,000) and 

350 (20,500). 

I 1 1 . 4 . 4 Re action of N-Phenyl b enzylamine with Dibenzoyl -- 
ace tyle ne 

Treatment of a solution of dibenzoylacetylene (500 mg, 
2*1 mmol) in tetr ahydrof ur an (10 ml) with a te tr ahyd rof ur an- 
solution of N-phe nylbenzylamino (554 mg, 2.1 mmol in 80 ml) 
at room temperature for 1 hr and work-up of the mixture as 
in the earlier cases gave a product mixture* Recrystal- 
lization of this product from a mixture (2:1) of methanol 
and cnloroform gave 650 mg (Sl?^) of colourless needle 
shaped G ryst als of 1,4-dip heriyl-2- ( N-p he nylbanzyl amino ) - 
but-2 -sns-1 , 4-dione , (^) , mp 133°. 

A n al * Calcd for ^29^23*^2* 83 *45; H, 5.51; 1\1 , 3.3 6; 

Ttol. wt., 417. Found; C, 83.45; H, 5.41; h, 3.50; Hoi. wt., 
417 (Hass spectrometry). 

I r spectrum (KBr) y ; 301 6 and 2996 cm”'' (vr m) ^ 

'^max ''L-ri 

1 674 cru“^ (v ^ ) , 1 625, 1 599 and 1 584 cm""^ (vp p ) • 

Uv spectrum (Methanol) x - 258 nm (e, 22,0QD) and 

■m ax ■ ■ 

3 47 ( 1 3,600 ) . ' 

111.4,5 Reaction of o^-Aminophenol with Dibenzoylacetylene 

A solution of dibenzoyls'cetylene (500 mg, 2.1 mmol) 
in tstrahydrofuran (10 ml) was gradually added to atetra- 
hydrofuran-solution of o_-aminophenol (229 mg, 2.1 mmol in 



60 ml)p at room temperature ^ over a period of one hour* 

The reaction mixture was stirred continuously during the 
addition* Removal of the solvent under vacuum gave an 
irnpurs product, which was treated with aninal charcoal 
and subsequently recrystallized from a mixture (1;1) of 
petroleum ether and chloroform to give 560 mg (77/a) of 
2-,( W-2--hyaroxyp henylamino ) -1 , 4-dip henylbut-2-ene-1 , 4- 
dione, (2)? 184-185°. 

A0-.ll* Calcd for C, 76.96 ; H, 4.95; 

I’S 4.08; hoi. wt., 343. Founds C, 76.88; H, 4.86; 
h, 4.10; Nol. wt., 343 (Hass spectrometry). 

Ir spectrum (KBr) 3170 cm (vj.^ 1 ^, hydrogen- 

bonded), 3070 cm"'' (v , 1 625 cm"^ (v ) , 1 62 0 , 1 605 

and 1 584 cm”^ C 0 ^ * 

Uv spectrum (Ethanol)x : 260 nm (e , 15,000) and 

hi ax 

392 (27,000) . 

1 1 1 . 4 . 6 Re ac tion of N-F henac yl anil ine with D ib en zo yl ace t vie ne 

A mixture of dibenzoylacetylene {702 mg, 3 mmol ) and 
iM-p henocyl aniline ( 633 mg , 3 rnmol) in te tr ahydrof ur an (80 ml) 
was refluxed for 3 hr on a steam-bath. Removal of the 
solvent under vacuum gave an oily mass which solidified 
on treatment with a small amount of methanol. Recrystal- 
lizsticn of this product from a mixture (5:1) of petroleum 
ether and chloroform gave 1 g (78%) of 2,3-dibenzoyl- 
1 .4-dip hen.vlp.yrrole . (11), inp 110° . 
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A nal . Celcd for C, 83 . 83 5 H, 4.91; 

W, 3.27; Mol. wt., 427. Found; C , 83 . 52 ; H, 4.89; N, 3.13; 

Mol. 427 (Mass spectrometry). 

Ir spectrum (KBr) 2993 , 2987 and 2985 cm"”* 

(vq |_j) , 1 655 cm~”' ’ 1635, 1605, and 1 5 84 cm"'' (v£_£). 

Uv spectrum (Methanol) 258 nm (£, 26,000) and 

326 ( 65600 ). ' 

III. 4. 7 Reaction of o_-Phenylenediamine with Dibenzoylacetylene 

A solution of dibenzoylacetylene (1.17 g, 5 mmol) in 
t etr ahydrof ur an (20 ml) was added dropwise to a solution of 
o_-p he nylened iarn ine (0.54 g, 5 .Timol) in tetrahydrofuran (100 ml) 
at room temperature over a period of 1 hr, with constant 
stirring. Removal of the solvent under vacuum gave an 
orange residue which was recrystallized from a mixture 
(1:2) of chloroform and methanol to give 1.3 g (80%) of 
bright orange needles of 2-( 2-hydroxy-2-phenyletheno) - 

37 

3 -p he nyl qu inox al ine , ( 22 ) , mp 169°, (lit. mp 169-171°). 

Anal . Calcd for ^22^1 6*^2^ ' 81.48; H, 4.94; 

h, 3,64; I'-iol. wt., 324. Found; Q, 81.68; H, 5 . 3 6 ; i\l , 9 . 1 j 
Mol, wt., 324 ( Mass s pectrome try ) . 

. ' -1 

Ir spectrum (KBr) v ; 3027 and 3012 cm (v V' y) I 
^ m ax u — li 

1 585 and 1 525 cm 

Uv spectrum (Ethanol) X » 235 nm ( e , 3 8 , QOQ ) , 

m ax 

295 (15,000), 335 ( 15,800) and 432 (17,700) . 
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1 1 1 . 4 . 3 uxidation of 2-(2-Hyd raxy-2-ph3 n y let he no- 3 -phenyl - 
q uinnxaline with Nickel Peroxide 

A solution of 2-( 2-hydroxy-2-phenyletheno) -3-phenyl- 
quinoxaline (500 mg, 2.1 mrriol) in benzene (80 ml) was stirred 
with 3 g of nickel peroxide for 8 hr at room temperature. 

F iltration of the inorganic material and removal of the 
solvent unde? vacuum gave a yellow viscous material which 
was triturated with methanol to give a yellow solid. 
Recrystallization of this product from a mixture (1;2) of 
chloroform and methanol gave 150 mg (38%) of 1,4-diphenyl- 
2 , 3 -bis ( 3-p henylqu inox-2-yl ) -1 , 4-but anedione , (,2_6) ? nip 228°. 

Anal . Calcd for ; C, 81.73; H, 4.64; 

N, 3.67; Mol. wt., 646. Found: C, 82.13; H, 4.75; N, 8.42; 

fiol. 'wt. 64 6 (Hass spectrometry). 

Ir spectrum (KBr) v " 3066, 2930 and 2865 cm””^ 

rnsx 

(vq_;_j), 1 676 cm“^ ^ * 

Llv spectrum (Chloroform) 252 nm (s , 60,000) 

and 336 ( 17,000) . 

111.4.9 Brominat ion of 2- (2 -Hvdr oxv-2-phsnylethe no ) -3-p he nyl - 
QLi inox al ine 

To a solution of 2 — ( 2-hyd roxy-2’-p ha nyle t he no ) -3-p henyl- 
quinoxaline (324 mg, 1 mmol) in carbon tetrachloride 
(30 ml), was added a carbon tetrachloride-solution of 
bromine (1 60 mg , 1 mmol in 20 ml) , over a period of 30 
minutes and with constant stirring. . A solid material 



precipitated out during the reaction^ whic h was filtered 
off and recrystallized from a mixture ( 2 : 1 ) of petroleum 
ether and chloroform to give 316 mg (97*5%) of 2-brQmo- 
p henacyl-3-phenylquinox aline {^3 ) > 185-1 86°* 

Anal * Calcd for . C, 65.51; H, 3.72; 

!\t 5 6.94; Hoi. wt., 402. Found; C, 65.69 ; H, 4.01; l\i , 7.12; 
Hoi. ut., 402 (Hass s pectrorno try) , 

Ir spectrum (KBr) 3090, 3055 , 303 5 and 2955 

cm~^ {vj~ 1710 cm"^ ^'’C=0^ ’ 1 595 and 1 578 cm"^ 

LJv spectrum (Methanol) X - 247 nm (£ , 29,500) and 

max 

332 .( 6,300) . 

I 1 1 . 4 . 1 0 Re action of 1 , 8-Q iam ino nap ht hale ne w ith Dibenzoyl - 
ac etyl ene 

f. solution of d ibenzoylacet ylene (1.17 g, 5 mmol) in 
tetr ahydrof ur an (20 rnl) was added to a tet r ahydrof uran solu- 
tion of 1 , 8-dianiinonaphthalene (0.79 g, 5 mmol in 100 ml), 
at room teinpereture over a period of 1 hr. Removal of the 
solvent under vacuum gave a product which was chromatographed 
over silica-gel. 

Elution of the column with a mixture (5;1) of 
petroleum ether and benzene gave a violet compound which 
was recrystallized from hot chloroform to give 1.15 g 
( B6';7) of 2-benzoylperimidine {.3_2) , mp 2 03-204° . 
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Anal . Calcd for ^ 3 *^-] 79.41; H, 4.41; 

N, 10.29; Fiol. wt., 272 . Found; C, 79.59 ; H, 4.70; N, 10.10 
r''iol. wt., 272 (Mass spectrometry). 

-1 

Ir spectrum (KBr) ' 3360 cm (v.-., u) » 3065, 

rn ciX it i t 

2946 and 2866 cm"^ (vp 1 658 cm~^ (vn „); 1 624, 1 590 

L — H =u 

-1 

and 1 520 cm (v 3 _(-). 

Uv spectrum (Methanol) X ; 237 nm (^, 23,000), 

260 (13,000), 285 (14,000), 338 (10,000) and 508 (1,100). 

Further elution of the silica-gel column with a 
mixture (4:1) of petroleum ether and benzene gave 230 mg 
of a mixture of products which was rec hromato gr ap hed over 
silica— gel. Elution with a mixture (5;1) of petroleum 
ether gave 50 mg of 2-benzoylperimidine, mp 203-204° 

( mixture nip ) . 

Further elution of tne column with a mixture (4;1) 
of petroleum ether and benzene gave 180 mg (9%) of yellow 
needle shaped crystals of 2-benzoyl-2-phenacyl-2 , 3-dihydro- 

perimidine, ( 32 ) . mp 146-147°. 

Anal. Calcn for *-2 6*^'20*^2*'’2 ' 79. 59 ; H, 5.10 ; 

N , 7.14; Mo 1 . w t . , 392, ,F o u nd ; 0 , 79 .32 ; H , 5.42; N , 7.29; 
Mol. wt., 392 (Mass spectrometry). 

Ir spectrum (KBr) 32 76 cm"”* hydrogen- 

bonded}/ 3 065 and 2926 cm ^ 1 650 cm ^"^0=0^ ^ 

1 63 B , 1 610 and 1 593 cm" ^ / 
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Uv spectrum ( I'-'iethanQl ) " 235 nm (s , 52, 500) 

and 335 (17, 000) . 

1 1 1 . 4 . 1 1 Thermolysis of 2-3e n zo vl-2-phenacvl-2, 3-dihvdro -- 
perimidine . 

A sample of 2-benzoyl-2-phenacyl-2 , 3-dihydroperiiiiidine 
(60 mg, 0.15 mmol) was heated for 30 minutes arou nd 1 50-1 557 
in a sealed tube. The reaction mixture was chromatographed 
over silica-gel. Elution with a mixture (5:1) of petroleum 
ether and benzene gave 30 mo ( 73'/o ) of 2-benzoylperimid ine , 
mp 203.204^ (mixture mp). 

Further elution of the column with the same solvent 
mixture gave 15 mg ( 2 5>a ) of the unchanged starting material, 
mp 1 4 6-1 47° ( mixture mp ) . 

I II . 4 . 1 2 Reaction o f l-Am ino pyridine with D ibe nzoylacetyl ene 

To a solution of d ibenzoy 1 ac e tyle ns (2.34 g, 0.01 mol) 
in ether (300 ml), was added an ether solution of 2-amino- 
pyridine (0,94 g, 0.01 mol in 60 ml) with constant stirring 
over 3 period of 45 minutes. On leaving the reaction 
mixture overnight, a deep red solid compound separated out, 
which was recrystallized from hot benzene to give 2g (6l7o) 
of 2-( 2-imino-1 { 2 H ) pyr idyl ) -1 , 4 -dip he nylbut-2-Bne-1 , 4-dione. 

( 34.) , inp 168° , 



265 


Anal. Calcd forC^^H,^f'j.,0_ : C, 76. 82 ;H, 4.87; 

2116 2 2 

i\! , 3.53; Mol. wt., 32 8. Found; C, 76.76; H, 5.04; N, 8.45; 
Mol. wt., 328 (Mass spectrometry). 

Ir spectrum (KBr) ^ 3115 cm ^ hydrogen- 

— 1 —1 
bonded), 3085 and 3055 cm 1668 and 1653 cm 

{v(-_q); 1 61 3 , 1 588 and 1 573 crn"^ and vq^q)- 

Uv spectrum (Methanol) X : 260 nm (e , 19,500) , 

max 

295 (15,000) and 452 (7,200). 

Fiemoval of the solvent from the mother liquor gave 
a residual product which was chromatographed over silica- 
gel. Elution with petroleum ether gave a product which 
was recrystallized from a mixture ( 1 ; 1 ) of b enzene and 
methanol to give 400 mg (12%) of yellow crystals of 
1 , 4-diphenyl-2-( !'>i-2-pyridyla^'.ino ) but-2-ene-1 , 4-dione , 

(35) , mp 165=. 

Anal . Calcd for C 2 ^H^,-iV 2 C 2 • 76.82 ; H, 4.87; 

N , 8.53; Mol. wt,, 328. Found; C, 76.90; H, 4.73; fJ , 8.66; 

iMol. wt., 32 8 (Mass spectrometry) . 

Ir spectrum ( KBr) • 3 "1 60 cm hydrogen- 

bonded) , 3100 and 3060 cm ( , 1 71 0 cm Q_g) » ^ 

1 630 cm 1 600 , 1 580 , 1 530 cm ^'^C=C^* 

Uv spectrum (Methanol) 2 58 nm (e , 22,000) and 

380 (29,000) . ■ 
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CHAPTER IV 


THERMAL AND PHOTOCHEMICAL TRANSFORMATIONS 

OF tetraphenyl-£.-dioxin and 

TETRAPHENYL-£-DITHIINV 

IV .1 ABSTRACT 

The thermal transformation of t strap he nyl-jg^-d ioxin {J_) 
to 2 ,2 , 3 j 4-tetrap henylbut-3-enolide (_5) has been shown to 
proceed through the intermediacy of c is-dibenzoylstilbene 
(_6) and a reasonable mechanism for, this transformation has 
been suggested. The photolysis of tetraphenyl-g^-dioxin, on 
the other hand, has been found to give a mixture of products 
consisting of mainly be nzil and small amounts of tolan. 
Thermolysis and photolysis of tetraphenyl-jg_-dithiin ( 3 5 V 
follow a different pathway giving rise to tetraphenyl- 
thiophene, in each case. 
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IV. 2 INT RODUCTION 

Six-memb sred heterocycles like £_-dioxin and £-dithiin 

containing two hetero atoms and of the category of eight- 

electron systems have received c onsider able attention in 
2-.6 ■ 

recent years. Detailed studies of the uv-sp ee trum, 

measurement of bond lengths by electron diffraction method'^ 

R 

and theoretical calculations,”' have shown that jD-dioxin has 
a nearly planar structure and that the structural features 
are favourable for electron delocalization in this system. 

In Contrast , - £~dithiin has been shown to have a non-planar 

9 

boat configuration. = 

10 

Berger and Summerbell have shown that 2 , 3 , 5 , 6 -te tr a 

p henyl-£_-dioxin (D on heating at 250° is converted to 

2 , 2 , 3 j 4-tetr ap henylbut-3-enol ids ( 5J . These workers have 

rationalized their observation in terms of an initial 

intermediate which is then transformed to the product 

through the fur an epoxide, 3^ the d ipol ar intermed iate , 

as shown in Scheme IV . 1 . The thermal transformation of 

c is-dibenzoylstilbene {^) is known to give the same lactone 

^ y formed from t e t r a p h e n y 1 dioxin a nd t h e involvement of 

the dipolar intermediate has been suggested by earlier 

'■ 1 1 , 1 2 

workers. ^ In view of our general interest in the 

thormal and photochemical transformations of c is-1 , 2-di-^^^ 
benzoylalkenes , we have examined the thermal and photo- 
c hemic al tr ansf o rmat ions of hot h t e tr aphenyl-jg-dioxin and 
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tetraphenyl-£-dithiin, with a view to understanding the 
detail^ of these transformations, 

RE SULTS AND DISCUSSION 

IV, 3.1 Reparation of Tetr aphenyl-£-dioxin {j_) 

Tetr aphenyl-£-.dioxin is reprorted to be formed in 
poor yields, along with a complex mixture of products, by 

refluxing benzoin in ligroin in the presence of £_-toluene- 

g . 

sulphonic acid. In a reinvestigation of this reaction, 

13 

Jemmis has shown that the products formed in this case 
include, tetr aphe nyl-,_g_-dioxin (_!_) (6%), cis-d ibenzoyl- 

stilbene (^) (0,5%), benzii (R (47%), desoxybenzoin ( 8%) 
and tetraphenylf ur an (9.) (12>). A convenient method for 

preparing tetraphenyl-p_-dioxin is through the reaction of 
benzoin with methanol in presence of hydrogen chlpride, as 
reported by Irvine et al.”'^*'^^ hadelung and Overberger 
have shown that a mixture of trans-6~roethoxy-,2 , 3 , 5 , 6-tetra- 
phenyl-1 , 4-diox-^2-ene (J_0) and trans,trans~2,5-dimethoxy- 
2 ,3 , 5, 6-tetraphBnyl-1 ,4-dioxans (Xi) is formed on treating 
benzoin with methanol in presence of hydrogen chloride and 
that this mixture can be directly treated with zinc chloride 
in boiling acetic anhydride to give tetraphenyl-£_r-dioxin in 
good yields (Scheme IV,2). 



I V . 3 . 2 Thermolysis of Tetr ap henyl-g-dioxin 


Although the thermolysis of tetraphenyl-£^-dioxin (1^) 

in the absence of any solvent at 250° has been reported to 

1 0 ' 

give exclusively the lactone 5_ in a 9Cfifo yield, we have 
found in our present studies that actually a mixture of 
products Consisting of both the lactone _5 (84%) and cis- 
d i benzcy 1st ilb ene (_6, 10%) is formed on neat heating of ^ 

at 260° for 45 minutes. Vilhen the thermolysis of Xj however, 
was conducted at lower temperatures and in different 
solvents under reflux, an increase in the yield of c is- 
dibenzoylstilbene has been observed. In refluxing toluene 
(110°) for example, a 10% yield of benzil (_8) was obtained 
after 45 hr and most of the starting material (81%) was 
recovered unchanged. In refluxing _o-dichlorobenzene (T80°) , 
on the other hand, _1_ gave mainly cis-dibenzoylst ilbene. 

Small amounts of benzil were also formed in all these cases. 
When was refluxed in nitrobenzene ( 21 0° ) for 20 hr, a 91% 
yield of the lactone and a 8% yield of c is-dibenzoylstilbene 
were formed. Table IV.I summarizes the results of these 
s t ud ie s . 

The results of our studies clearly show that under 
thermal conditions, tetr.aphe nyl-jg-dioxin '(_1_) is first 
converted to cis-dibenzoylstilbene , which then at 

higher temperatures is transformed to 2 , 2, 3 , 4-tetr ap henylbut- 
3-enolide ((5) . The transformation of X in pr inciple. 



Table IV. 1 - 

Thermolysis of Tetraphenyl- 
D iff er ent Temper a tore s 

~£^-diox in 

(1) 

at 

Solvent 

T emper a- 
t ur e ( ° C ) 

T ime 

R ecovered 

P ro d uc t s 

i%) 


{ hr ) 

1 

5 

6 


T ol ue ne 

1 1 0 

45 

81 

- 


10 

ic hloro-^ 
benze ne 

1 BO 

38 

8 


82 

16 

_o-D ic hloro- 
benzene 

1 80 

45 

5 

- 

81 

24 

iq«.D ic hloro- 
benzene 

1 80 

50 

- 

3 

79 

30 

N it r oben zene 

210 

20 

- 

91 

8 

r* 

No solvent 

260 

3 

4 

- 

84 

10 

- 


^Formed by the air^ox id at io n of 
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Can proceed through different pathways as shown in Scheme 
IV. 3* One of these routes (Path ^ a* ) would involve an 
xnitial electrocycl ic reaction of through a [ o) s-mi s+h: s] 
type of reaction to form the carbonyl ylid which can 
subsequently undergo transformation to the furan epoxide, 
Subsequent conversion of ^ to the lactone ^ c an take place 
either through a dyotropic rearrangement or in a stepwise 
process involving the zwitterionic intermediate JTQ. The 
fact that c is-d ibe nzoyls tilbene (^) is formed as an intern- 
mediate in the transformation of JL "to ^ would preclude this 
pathway. However, with a view to ascertaining whether the 
furan epoxide_^ is formed as an intermediate in the trans- 
formation of X have ettempted at preparing this 

epoxide through the peracid oxidation of tetr ap henylf uran. 

It is known that tetraphenylfuran (£) undergoes peroxidation 
under varying experimental conditions to give different 
products like c is-dibenzoylst ilbene {^) , the enol benzoate 

of dibenzoylp henylmet hane (X8} and c is-d iben zoy Is t ilb ene 

1 8 

epoxide (JL9) > as shown in Scheme IV. 4. In the present 

studies we find that the oxidation of employing an equi- 
molar amount of perbenzoic add gives a nearly quantitative 
yield of cis-dibenzoylstilbene. Our efforts at isolating 
the furan epoxide intermediate S, even at low temperatures 
have been unsuccessful. 




■i*' 










Scheme IV J 









Scheme IV- 4 


Peroxidation 
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An alternative mode of transformation of would be 
through path ’b*, involving the initial formation of the 
ketocarbene This ketocarbene intermediate,- which can 

exist in the 1,3-dipolar form jr4, can undergo a aubsequent 
eye lo addition reaction with dip henylketene (J_5) ? formed by 
the rearrangement of (Scheme IV.3), The fact that the 
ketocarbene intermediate could not be trapped by 
d ipol arop hilBS like dimethyl acetylene die arboxylate and 
also the intramolecular nature of the transformation of X 

would rule out path *b’ as a probable pathway for this 
transformation. 

The most reasonable route for the conversion of X 
X seems to be through path *c* involving the homolytic 
cleavage of X give the diradical X^ which can subse- 
quently be transformed to X through an oxete intermediate 
XX- Electrocyclic ring-closure of _6 would give rise to the 

zwitterionic intermediate XX? V'ihich is rearranged to _5 

(Scheme IV.S). In this connection, it may be mentioned 

that the oxete intermediate 2 2 , formed from the reaction 

of hexafluoroacetone with et hoxy acetylene {^) , has 

been shown to undergo ready rearrangement to the corres- 

19 

ponding ethylene deriv/ative 2_3 (Scheme IV.S). 

It has been observed that benzil is formed as a 
minor product in the thermolysis of 1_ and that the yields 
of be nzil incre ases wit h incre ased dur at ion of he at ing . 
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A reasonable pathway for the . formation ofbenzil 
reaction is through the partial air-oxidation of 
thermolytic conditions. The fact that benzil is 
nearly quantitative yield on treatment of with 
would support this assumption. 


in this 
under 
formed in 
per acids 


I\/,3, 3 P ho tolys is of T e tr ap he nyl-p-diox in (X) 

In the thermolysis of if a dixadic al intermed iate 
(Scheme I\/.3) is involved, its formation should be 
more prominent under photochemical conditions. With a 
view to examining this possibility we have studied the 
photolysis of 1^ under different conditions* 

Pho’tolysis of 1^ in ^-butanol for 15 minutes gave a 
56% yield of benzil (^) and 4% yield of tolan (^) , besides 
a 33io of the unchanged starting material. When the photo- 
lysis was carried out in benzene for 2/2 hr, under nitrogen 
atmosphere, a mixture of products consisting ‘of benzil 
(30%) j tolan (1%) and trans-dibenzovlst ilbene (25i 1.7%) 
was obtained, besides 53% of the starting material. When 
the photolysis, however, was carried out in the presence 
of air, a 70% yield of benzil was obtained besides '20;^ 
of the unchanged starting mater ial. The photolysis of 1 
in benzene for 10 minutes under oxygen atmosphere gave a 
60% yield of benzil. However, when the time of irradiation 
was increased to 30 minutes, besides a 6% yield of benzil, 
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a complex mixture of products was obtained from whic h no 
definite product could be isolated* Examination of this 
mixture on tic showed that it closely resembles the products 
obtained from the photolysis of benzil^^ and tolan*^^ 

From the results of our studies it appears that 
under photochemical conditions undergoes ho mo lytic 
cleavage to give the diradical intermediate 1 6 * which 
subsequently undergoes either fragmentation to give benzil 
i §,) and tolan ( 24 ) * or air-oxidation to give benzil via 
a peroxy intermediate like 2^. Both benzil and tolan, 
under p hot oc h emic al conditions would undergo further 
transformations to give the complex mixture of products 
( Scheme IV . 6) . The f ormation of small amounts of tr ans- 
dibenzoylst ilbene {^} in the photolysis of V in benzena 
would suggest that a small fraction of may be getting 
converted to and subsequently to 2^ under these 

conditions. 

In continuation to our studies we have examined the 
electron-impact fragmentation of t etr ap he nyl-p^-d iox in * T he 
mass spectrum of X (Fig. IV * 1 ) showed the molecular ion 
peak at ro/e 388 (1 6). Other peaks in the spectrum ware 
observed at m/e 3 11 ( 1 } , 2B3 ( 3 ) , 2 67 ( 1 ) , 2 55 ( 4 ) , 179 ( 5), 
1 78 (31 ), 1 77 (3 ), 176 ( 6), 1 65 (3), 1 52 ( 5) , 1 5 1 { 4 ) 

105 (100) , 77 ( 3 5 ) , 71 ( 6) , 70 ( 4 ) , 69 ( 6) , 57 ( 1 1 ) , 

5 6 ( 3 ) , 55 (1 0 ) , 51 ( 6 ) , 43 (10 ) and 41 ( 6) * A c omp ar ison 
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of the mass spectrum of _ 1 _ with that of c is-d ibenzoylst ilbene 
(j 6 ) (see. Chapter I, Scheme 1.8) reveals a .striking simi- 
larity between the, two, which essentially indicates that 
J_, upon electron impact is transformed to _ 6 , which subse- 
quently undergoes fragmentation to give different ions, 
as shown in Scheme 1.8 (Chapter I). 

I V . 3 , 4 Thermal and Photochem ic al Transformations of 
T etraphe nyl- 2 .-dit hi in 

Thermal t r ansf orm ations of £_-dithiin derivatives are 

22-24 

known to give substituted thiophenes. Thus, for 

example, 2 , 3 -dip henylthiophene ( 29 .) is reported to be the 

product formed in the thermolysis of 2, 5-diphenyl-£.-dithiin 

(27) ( Sc heme IV . 7 ) . A probable route to the formation of 

29 is through an initial electrocycl ic reaction of 27 by 

2 2 2 

a [ 0 ) s + Tc s :+ Tt s] type of addition to give the thio- 
carbonyl ylid 2 J., which then loses sulphur to give 29 , 
as shown in Scheme IV.7 (path Va'). An alternative pathway 
for tlio thermal transformation of would be through the 
formation of the diradical intermediate 3Q, which can then 
give rise to the thiete derivative The thiete deriva- 

tive can subsequently undergo ring-opening to give the 
d it hioc arbo nyl intermediate 32 . which can then give rise 
to 3,4-diphenylthiophene (.^) through the dipolar inter- 
mediate ^5 as shown in Scheme IV.7 (path *b*). However, 



Scheme IV. 7 
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the exclusive formation of 2 ^ 3-.diphenylthiophene from 21^ 
and nox 3 , 4-d ip he nyl t hiop he ne {.^) would clearly indicate 
that path * a’ is followed in the thermal transformation 

ElX* a similar observation has been made in the thermo- 
lysis of 2 , 5-dip he nyl-3-nitro-^-d it hiin , which gives 
exclusively 3 ,5-diphenyl-2-nitrothiophene.^^ 

The thermal transformation of a few t et r asubs t it uted 

^-dithiin derivatives are reported in the literature. Thus, 

it has been shown that tetr acy ano-^^-dit hiin undergoes ready 

thermal transformation, leading to the formation of tetra- 

2 5 

c y ano th iop he ne c Similarly, the thermolysis of tetra- 

p henyl-_g^-d it h iin (3_5) is known to give tetraphenyltniophene 

f \ 2 6 

• With a view to understanding the mechanistic 
details of the thermal transformations of _p-dithiins, we 
have reinvestigated the re ac t io ns of te tr ap he nyl-£_-d it hiin 
(^^) . The thermolysis of 3^5 at 195° for 3D minutes and in 
the absence of any solvent gave rise to a 97% yield of 
t etr aphe nylt hiop hene (37.), The same reaction, when 
carried out in refluxing _o~d ic hlorobenzene , gave a 9 5% yield 
of tetraphenylthiophene (,^) • i'Mo other product could 
isolated from these reactions^ If the formation of 37, is 
proceeding through the t hioc arbonyl ylid intermediate 36^ 
as shown in Scheme IV.B, then its presence could be 
detected by trapping experiments. Our attempts to trap 
the intermediate wit h dip olar ophiles like dimethyl 
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acetylenedic arboxylate have been unsuccessf ul ♦ It is quite 

likely that this intermediate undergoes a rapid loss of 
sulphur to give the thiophene derivative 3J^ {Scheme IV.B). 

Further to our studies ^ we have examined the photo- 
lysis of te tr ap he nyl-£_-dit hiin ( 3 5 ) . P hotolysis of a benzene 
solution of 3 5 resulted in a 15% yield of t strap henylthio- 
phene 3 7 . The formation of 37 in this reaction may be 
rationalized in terms of a pathvjay similar to the thermal 
transformation of as shown in Scheme IV.B or through a 

diradical pathway similar to path 'b* in Scheme IV. 7. It 
might be mentioned in this connection that recent studies 
show that the p hot ooxygenat io n of tetr ap henyl-^-dith iin 
givesrise to a mixture of products consisting of tetra- 
phenylthiophene (^) (31%), benzil {^) (1 5% ) and benzoic 

acid (2 6^).^'^ 

In the present studies, we have also examined the 
electron-impact induced fragmentation of tetraphenyl-_g^-dithiin. 
The mass spectrum of 3 5 (Fig. I\/.2) showed a molecular ion 
peak at m/e 420 (76). The most intense peek in the spectrum 
of 35 . however, was observed at ra/e 388 (100). Other major 
peaks in the mass spectrum of 3_5 were present at m/e 310 (5) , 

309 ( 1 1), 308 (7), 307 (7), 277 ( 4 ) , 267 ( 7 ) , 2 66 ( 5 ) , 

221 (3 ), 21 0 (5), 1 78 ( 67), 165 ( 12), 1 55 (4), 1 54 ( 3 ) , 1 52 ( 3 ) , 
151 (2), 121 (63), 77 (9), 64 (3) and 51 (1). It is pertinent 

to observe that the mass spectrum of 35 shows great similarity 
















to that of tatraphenylthiophene (3_7) (Fig. 
excepting for the presence of the molecular ion peak in 
3_5 at m/a 420. It is apparent from the mass spectrum of 
3_^ tnao it undergoes ready conversion to te tr ap henylthio— 
phene ( .3_7 ) , under electron-impact, and in this respect 
the mass spectral behaviour of 3 5 is very similar to its 
thermal and photochemical transformations. 

experiment AL 

All melting points are uncorrected and were deter- 
mined on a Mel-Temp, melting point apparatus. Infrared 
spectra were recorded either on Perkin-Elmer Model 137 or 
521 Infrared Spectrometers, The electronic spectra were 
recorded on a Beckman DB Spectrometer, The irradiation 
experiments were carried out using either a 450 W Hannovia 
medium pressure mercury lamp or a 150 W Srinivasan-Griffin 
Bayonet P hotoc he m.ic al Reactor. Petroleum ether used was 
of bp 60-80° . 

IV . 4 . 1 Starting Materials 

17 

T et r ap henyl-p_-D iox in (j_) 

Through a solution of benzoin (20 g, 0.094 mol) in 
methanol (500 ml), a stream of dry hydrogen chloride gas 
was passed for 1 hr, during which period, a white crystalline 
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solid separated out. After keeping the reaction mixture 
at room temperature for 12 hr, the solid material was 
filtered off to give 7 g of a mixture of products consisting 
of both tr ans- 6 -met hoxy- 2 , 3 , 5 5 6 -t etr ap henyl- 1 , 4— d iox-Z-ene 
(_1_Q) and trans5trans-2,5—dimethQxy—2,3,5,6 — tetraphenyl — 
1,4-diaxane ( 11 ). This mixture of products (5 g) was 
s ubss qua ntl y heated with 75 rnl of acetic anhydride and 
0.5 g of anhydrous zinc chloride till the solution began 
to boil. On cooling, a bright yellow solid separated out 
which gave 4 g (22%) of tetr aphenyl-_g_-dioxin (J[_) mp 218° 

17 

(lit. mp 218°), on rec ryst all ization from a mixture (1:1) 
of chloroform and petroleum ether. 

29 

T etr ap h enylfuran (£) 

A mixture of benzoin (2 g, 9.4 mmol) and anhydrous 
aluminium chloride (30 mg ) w as heated in an evacuated 
sealed tube around 1 50-200° for 50 hr. The reaction 
mixture was extracted with carbon tetrachloride. Removal 
of the solvent from the carbon tetrachloride-extract gave 
a product mixture. Treatment of this mixture with ethanol 
gave an ethanol-insoluble product, which on recrystallization 
from o mixture ( 1 0 ; 1 ) of petroleum ether and benzene gave 
1.2 g (31%) of tetraphenylf ur an (£) , mp 1 73-174° (lit.;^^ 

mp 1 73 ° ) . 
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T etraphenyl-£-Dithiin (35) ^° 

Benzoin (5 g, 0.023 mol) was added to 100 ml of 
ethanol which had been saturated previously with dry hydrogen 
chloride gas. A stream of hydrogen sulphide vjas passed 
through this suspension. All of the benzoin gradually went 
into solution and after passing the gas for 1 hr, a solid 
material started precipitating out. After allowing the 
reaction to proceed for 2 hr, the precipitated material 
was removed by filtration. The filtered solid was treated 
with hot ethanol to remove the ethanol-soluble impurities 
and the residue was recryst all ized from chloroform to give 
5 g (50/o) of tetraphenyl-£-dithiin ( 3_5) , mp 191“ (lit.^'^ 
mp 191 “ ) . 

IV .4.2 Thermolysis of Tetr ap he nyl-£-d iox in 
A hi Toluene 

A sample of tetraphenyl-_£-dioxin (300 rag, 0.77mmol) 
was refluxed in toluene (15 ml) for 45 hr. Removal of the 
solvent under vacuum gave a product '.-jhich was extracted with 
petroleum ether. The residue gave 237 mg (79%) of the 
unchanged starting material, mp 2 1 7-21 8° ( mixture mp ) , 

after recrystallization from a mixture (1:1) of chloroform 
and petroleum ether. 
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The petroleum e ther ~e xtr ac t was c hromato gr ap hed over 
an alumina column» Elution of the column with petroleum 
ether (bp 6Q-8Q°) gave an additional 7 mg (2%) of the starting 
material, mp 217-218° (mixture mp) after recrystallization 
from a mixture (1^1) of petroleum ether and chloroform. 

r urt her el ut io n of the column with petroleum ether 
g ave 6 mg (10%) of be nzil , rap 91° { mixture mp ) , 

— ic hlo robenzene 

A sample of tetr ap henyl-g^-diox in (500 mg, 1.3 mmol) 
was refluxed in £-d ic hlorobe nzene (25 ml) for 38 hr. The 
solvent was comple-tely removed under vacuum. The reaction 
mixture was treated with petroleum ether and the insoluble 
residue was subsequently treated with hot ethanol. The 
at hanol-~insoluble residue gave 40 mg (8%) of tetraphenyl- 
£^-dioxin, mp 217-218° (mixture mp), af ter r ec ryst all ization 
from a mixture (1 ;1) of chloroform and petroleum ether. 

The ethanol-soluble portions, on cooling gave 335 mg (TSv'o) 
crystals of c is~d ibe nzoyls t ilbene (^) » mp 216-217° (mixture mp ) 

The p etr oleum ether-solublB portion was chromato- 
graphed over an alumina column. Elution of the column 
with petroleum ether (bp 60-00°) gave 1 5 mg (16%) of benzil - 
mp 9 1 ° (mixture mp). 

^ ^ the column with a mixture (3:1) 

of p etroleum ether and benzene gave an addit io nal 40 mg ( 9% ) 
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□ f cis-dibenzoylstilbene, mp 216-217° {mixture mp), after 
r ec ry s t all iz at ian from a mixture ( 1 : 1 ) of petroleum ether 
and benzene. 

In a repeat run, t etr ap henyl-_ 2 ,-diox in {500 mg, 1.3 
mmol) was refluxed in o_-d ic hlc rob enzene {15 ml) for 45 hr. 
Work-up as in the earlier case gave 25 mg {SVb) of the 
starting material, mp 217-218° {mixture mp), 385 mg {81%) 
of cis-dibenzoylstilbene, rnp 216—217° {mixture mp ) and 
24 rng {24%) of benzil, mp 91° {mixture mp). 

In yet another run, tetrap henyl-£-dioxin (500 mg, 

1.3 mmol) was refluxed in ^-dichlorobenzene for 50 hr. 

Work-up in the usual manner gave a total amount of 393 mg 
(79%) of cis-dibenzoylstilbene, mp 21 6-2 1 7° { mix ture mp) , 

3d mg (30%) of benzil, mp 91° {mixture mp) and 15 mg (3%) 
of 2 , 2 , 3 , 4-te tr ap he nylbut-3-e nol ide , mp 136-137° {mixture mp ) 

— In i \ l itrobe nze ne 

A sample of tetr aphBnyl-_p_-dioxin { 500 mg, 1.3 mmol) 
was refluxed in nitrobenzene {25 ml) for 20 hr. The solvent 
was removed under reduced pressure and the residue was 
chromatographed over alumina. Elution of the column with 
a mixture { 5 : 1 ) of petroleum ether and benzene gave 455 mg 
(91%) of 2,2,3,4-tetraphsnylbut-3-enolide, mp 136-137° 
(mixture mp) after recrystallization from a mixture {4:1) 
of petroleum ether and benzene. F urther elution with ^ 
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mixture (3:1) of petroleum ether and benzene gave 40 mg 
(B%) of cis-dibenzoylstilbene, mp 216-217° (mixture mp ) , 
after recrystallization from a mixture (1:1) of petroleum 
ether and benzene. 

S. In the Absence of Any S o lvent 

A sample of tetraphenyl-_g_-dioxin ( 776 mg, 2 mmol) 
was heated around 260° for 45 minutes. The residue was 
chromatographed over alumina. Elution of the column with 
a mixture (5:1) of petroleum ether and benzene gave 653 mg 
(84%) of 2 , 2 , 3 , 4-tetr ap henylbut-3-enolide, mp 137° (mixture 
mp), after recrystallization from a mixture (4:1) of 
petroleum ether and benzene. 

Further elution of the column with a mixture (3:1) 
of petroleum, ether and benzene gave 78 mg (10%) of cis- 
d ib e n zoy Is t ilb e ne , mp 216-217° (mixture mp) , after recrystal- 
lization from a mixture (1;1) of petroleum ether and benzene. 

I\/.4.3 Reaction of Tetraphenvlf uran with Perbenzoic Acid 

A mixture of tetr ap he nylf uran (1 g, 2.7 mmol) and 
perbenzoic acid (3 mmol, 34 ml) in chloroform (30 ml) was 
kept at room temperature for 24 hr. The reaction mixture 
was washed repeatedly with a 5% solution of sodium bicarbonate 
and then with w at er and subSBquBnt ly drie d over anhydrous 
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Sodium sulphate* Removal of the solvent under reduced 
pressure gave 1 g (96%) of c is-d ibenzoylstilbene , mp 216° 
(mixture mp), on r ecryst all izat ion from a mixture (I 2 I) 
of petroleum ether and benzene* 

The bicarbonate-extract was acidified with 
hydrochloric acid and as then extracted with ether. 

Removal of the solvent under vacuum gave 300 mg (92>) of 
benzoic acid, mp 121° (mixture mp), af ter rec ryst all izat ion 
from hot water. 

I V . 4 . 4 Attempted Thermolysi s of Te tr ap henyl -p- diox in in 

Presence of Dimethyl A c et vlenedic arboxyl ate (DMAD) 

A mixture of tetr aphenyl-^^-dioxin (200 mg, 0.52 mmol) 
and dimethyl acetylenedic arboxylate (148 mg, 1.04 mmol) 
was refluxed in ^-dic hlorobenzene (15 ml) for 38 hr. Both 
the solvent and unchanged acetylenic ester were removed 
under vacuum and the reaction mixture was extracted with 
petroleum ether. The petroleum ether-insoluble product 
was extracted vjith hot ethanol to give 40 mg ( 8%) of 
tetr ap henyl-^-dioxin, as e t hasiDl-insoluble material, which 
melted at 217-218° (mixture mp)^ The ethanol soluble 
portion, on work-up gave 372 mg ( 82%) of c is— d ibenzoyl — 
stilbcne, mp 21 6-21 7° (mixture mp) . 

J he petroleum ether-extract w as c hromatograp had over 
alum ina. Elution of t he column w it h pe tr o 1 eum e t her g ave 
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4D mg ( 1 67o ) of benzily mp 91° (mixture mp). Further elution 
of the Column with a mixture (3:1) of petroleum ether and 
benzene gave an additional crop of cis-dibenzoylstilbene 
(38 mg^ 8%),- mp 216-217° (mixture mp ) , af ter r ecryst alliza- 
tion from a mixture (1:1) of petroleum ether and benzene* 

^ Bg action of Tetr aphe nyl -p- diox in with Perbenzoic Acid 

A mixture of tetr ap he nyl-£-dioxin ( 2QQ mg, 0*52 mmol) 
and perbenzoic acid (6,8 ml, 0.52 mmol) in chloroform (15 ml) 
was kept at room temperature for 1 hr. The reaction mixture 
was vjashed several times with a 5% solution of sodium bicarbo- 
nate and then with water. Removal of the solvent from the 
chloroform solution gave a residue which was c hromatogr ap hed 
over alumina. Elution with petroleum ether gave 104 mg (93%) 
of benzily mp 91° (mixture mp). Further elution of the column 
with petroleum ether gave 90 rng (45%) of unchengad starting 
material, mp 217“218° (mixture mp) . 

In a repeat run, 70 mg (0,18 mmol) of tetraphenyl- 
jP-dioxin and excess of perbenzoic acid (5 ml, 0.38 mmol) in 
chloraf orm (10 ml) was kept at room temper ature for 1 hr, 
VJork-up of t he m ixt ure as in t he e ar lier c ase gave 72 mg 
( 95%) of benzil, mp 91° ( mixture mp ) , af ter r ec ryst all iza- 
tion from a mixture ( 10 :1) of petroleum ether and benzene. 



I V . 4 . 6 P hotolysis of Tetraph envl-p- dioxin 


In t_— B u t a n D 1 

A solution of t etr aphe nyl-_g^-dioxin (750 mg, 1.95 mmol) 
in _t-butanol (210 ml) was irradiated for 15 minutes under 
nitrogen atmosphere. Removal of the solvent under vacuum 
gave a product which was chromatographed over alumina. 

Elution with petroleum ether gave 10 mg (4%) of tolan, 
mp 61-62’ (mixture mp ) . Further elution with petroleum 
ether gave 2 50 mg (33,-:.) of the unchanged starting material, 
mp 218° (mixture mp), after rec rys t all iz at io n from a mixture 
(1:1) of petroleum ether and chloroform. Continued elution 
of the column with petroleum ether gave 1 50 mg (56%) of 
benzil, mp 91° (mixture mp) , which was recrystallized from 
a mixture ( 1 0 : 1 ) of petroleum ether and benzene. 

3. In Be nzene ■ 

A solution of tetraphenyl-£-dioxin (600 mg, 1.56 mmol) 
in dry bonzene (700 ml) was photolysed under a dry nitrogen 
atmosphere for 2^2 hr. The photolysis was repeated several 
times until 1.9 g (4.94 mmol) of the starting material was 
used up and the combined product mixture was chromatographed 
over alumina. 

Elution of the column with petrolaum ether gave 12 mg 
of a viscous material which was rechromatographed over a 
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small silica-gel column to give 4 mg (1%) of tolan, mp 61-62° 

( mixture mp ) . 

Continued elution of the column with petroleum ether 
gave 1 g (53%) of the unchanged starting material, mp 217- 
218° (mixture mp) , after recrystallization from a mixture 
(1;1) of petroleum ether and chloroform. Further elution 
with the same solvent gave 150 mg (30%) of benzil, mp 91° 
(mixture mp ) which was recrystallized from a mixture (10;1) 
of petroleum ether and benzene. 

Subsequent elution of the column with a mixture 
(20;1) of petroleum ether and benzene gave 15 mg (1.7%) of 
tr ans-dibenzoylstilbene mp 239° (mixture mp). 

£. ISi Pr esence of Air 

A solution of ■ tetraphenyl-£-dioxin ( 1 00 mg, 0.26 mmol) 
was photolysed in dry benzene (210 ml) for 15 minutes. 

Removal of the solvent gave a product mixturs which was 
chromatographed over alumina. Elution with petroleum ether 
gave 61 mg (70%) of benzil, mp 91° (mixture mp). Further 
elution of the column with petroleum ether gave 20 mg (20%) 
of the unchanged st arting material , mp 217-218° (mixture rap). 

S. In Presence of O xyge n 

A solution of tBtraphenyl-jB.-dioxin { 150 mg, 0.39 mmol) 
in dry Denzene (210 ml) was photolysed for 30 minutes, under 
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oxygen buobling. Removal of the solvent gave a product 
which Was chromatographed over alumina. Elution with petro- 
leum ether gave 10 rag (6%) of benzil, mp 91° (mixture mp). 

Further elution of the column gave 100 mg of a complex 
mixture from which no definite compound could be isolated. 

In a repeat run, a sample of tetraphenyl-£-dioxin 
( 1 50 rng 0.39 mmol) was photolysed for 10 minutes in dry 
benzene (210 ml) under oxygen bubbling. Vi/ork-up of the 
mixture as in the earlier case gave 90 mg (60)fa) of benzil 
mp 91° (mixture mp), after r acryst all ization from a mixture 
(10:1) of petroleum ether and benzene. IMo other product 
could be isolated from this run, 

IV. 4. 7 Ph otolysis of a Mix ture of Benzil and Tolan 

A mixture of benzil (105 mg, 0.5 mmol) and tolan 
(89 mg, 0.5 mmol) was taken in dry benzene (210 ml) and was 
photolysed for 2/2 hr, under nitrogen atmosphere. Thin 
layer c iiromatogr ap hy comparison of this photolysed mixture 
with the complex mixture obtained from the photolysis of 
tetr aphenyl-_g_-dioxin under identic al conditions, showed 
sirnilerity in many respects. 

IV. 4. 8 T herm o lvs is of T etr ap henyl -p- dithiin 
A Wi thout Any Solvent 

(100 mg, 0.24 mmol) was heated 
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in a test tube around 195° for 30 minutes. The reaction 
product was recrystallized from a mixture (3:1) of petroleum 
ether enc chloroform to give 90 mg (97%) of tetraphenyl- 
thiophene, mp r9Q-191° (lit.“^ mp 1 84-185°). 

Ansi- fueled for *-pgl^20^ ' 86.5; H, 5.15; Mol. wt., 

3 88. Found: 0, 86.94 ; H, 4.9; r'lol. wt. , 338 (i''tass spectro- 
metry) . 

Ir spectrum (KBr) v ; 3200 and 2425 cm"”' (v^ u) , 

rn ox C-H 

1 61 0, 1 500 and 1 485 cm'”* (Vf~_^). 

Uv spectrum (CHCl^) x ’ 245 nm (e,25, 100), 2 55 

vj rn 3X 

(20,000) and 315 (16,000) . 

B_ In _o-D ic hlorobenze ne 

A solution of tetraphenyl-_p_-dithiin ( 1 00 mg, 0.24 mmol) 
in _Q-d ic hlorobe nze ne (10 ml) was refluxed for 4 hr. After 
removal of the solvent, the residual product was recrystallized 
from a mixture (3:1) of petroleum ether and chloroform to 
give Bu mg (95%) of tetraphenylthiophene , mp 190-191 
( mixture mp ) . 

I V . 4 . 9 Ait tempted Reaction of T e tr ap he nyl -p- dit hiin w it h 
with Dimethyl Acetylenedic arboxylate 

^ ^ ^ ^ of tetraphenyl-_g_-dithiin (100 mg, 0.24 mmol) 
and diinsthyl acetylenedic arboxyl ate ( 67 mg, 0.47 mmol) was 
refluxed in o-dichlorobenzene (10 ml) for 4 hr. 
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Removal of the solvent and, recrystallisation of the ■ 
residue from a mixture (3:1) of petroleum ether and chloroform 
gave 88 mg ( 9 57? ) of t etr aphe nylthiophene , mp 190-191° (mixture 
mp). No other product could be isolated from this run. 

I\/,4.1Q -Photolysis of Tetraphenyl-p-dithiin 

A solution of tetraphe nyl-£^-d ithiin (250 mg, 0.6 mmol) 
in dioxan ( 225 ml) was photolysed for 8 hr under nitrogen 
atmosphere. Removal of the solvent gave a product which 
was chromatographed over silica gel. Elution with petroleum 
ether gave 33 mg ( 1 5% ) of tetr aphenylthiophene, mp 190-191° 

( mixture mp ) . 

Elution of the column V'jith a mixture (4:1) of petroleum 
ether and benzene gave 1 5 mg (6%) of the unchanged starting 
material, mp 190-191° (mixture rnp ) . 
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